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PREFACE TO 3rd (completely revised) EDITION 


This first complete revision of Relay Engineering, which was first 
published in 1944, introduces information and reflects changing 
methods that have been introduced during the intervening fifteen 

year period. 


During this interval computers, missiles, solid state devices such 
as transistors, and many other developments have all influenced the 
market for relays and have also affected the thinking of relay and 
relay circuit designers. Meanwhile the National Association ot Relay 
Manufacturers has been active in promoting all phases ot the 
industry that mutually benefit both makers and users of relays. 1 he 
American Standards Association has also, through committees a 
so-called Task Forces, brought together groups representing relay 
makers and users as well as producers of relay components and 
makers and users of equipment irequently used in conjunction w th 
relays. These groups have first compiled a dictionary of terms having 

tions are liven in this edition and the terms, so defined, are generally 
employed throughout this edition of Relay Engineering. 

Military specifications and testing procedures which are subject 
to frequent, but unpredictable, modifications are not detailed at any 
length, but the section dealing with basic testing procedures is com¬ 
pletely revised in accordance with recommendations of relay maker- 
user committees sponsored by the American Standards Association. 

The explosive growth in a number of fields, generally included in 
the vague term of electronic applications, has reduced some types ot 
relay applications to the vanishing point while introducing many 
new* and tremendously increasing many older relay requirements. 

The first edition of this Handbook survived nine large printings 
and was purchased in all civilized, and most partially civilized, areas 
of the world. Every effort has been made to make this volume a 

worthy successor to it. 


Struthers-Dunn, Inc. 
Jan. 1, 1962 
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INTRODUCTION 


Definition of Relay and Relay Engineering 


Tor many years, technical periodicals have carried numbers of 
articles treating various relay applications in great detail. Electrical 
engineering handbooks have, without exception, devoted some small 
space to relays and problems encountered in relaying, and there 
have been many mentions of such problems in text books devoted 
principally to other phases of electrical engineering. Meanwhile, 
however, there have been very few works devoted entirely to relays, 
and even these few have invariably treated one or another of the 
many types of relays to the exclusion of all other types. Such works 
dismiss with a very brief chapter ninety-five percent of the relays used. 

This great multiplicity of relays, while occasionally classified as 
auxiliary relays, are capable of being combined and interconnected 
in scores of ways that are not obvious unless the matter is given 
considerable study. Webster’s New International Dictionary, 
Second Edition, defines a relay as an electromagnetic device operated 
by a variation in conditions of an electric circuit, and which, when so 
operated, operates, in turn, other devices, in the same or a different circuit. 

A very similar definition is given in the American Standard 
Definitions and Terminology for Relays, C83.16-1959, which reads 
as follows: A relay is an electrically controlled device that opens and 
closes electrical contacts to effect the operation of other devices in the same 
or another electrical circuit {See American Standard Definitions of 
Electrical Terms, C^2, ( series) ). 

For the purpose of this book, in order to differentiate between a 
relay and a larger contactor, the contacts of a relay will be limited 
to a continuous current of approximately 30 amperes at 110 to 220 
volts, or to a similar power rating at higher or lower voltages. 

The engineer who must specify the correct types of relays for a 
given application, and who must determine the circuits for which 
they are to be used, requires a variety of information that has never 
before been gathered into one volume. Such an engineer has to deal 
with electrical problems, magnetic problems, and mechanical prob¬ 
lems. It is hoped that this volume will provide answers for the 
majority of these problems as they arise. The information is treated 
in a practical manner and represents the answers to many thousands 
of questions that the author has had to answer during many years 
in the relay business. Theoretical treatments have been omitted or 
have been reduced to the very minimum amount necessary to clear 
understanding of the text. 
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Scope of Book 


Very few users can appreciate the fact that despite the seem¬ 
ingly specialized nature of their relay applications other users in 
divergent fields are encountering almost identical relay problems. 
Quite often the solution of a relay problem in one field which may 
have to do with, say, elevator controls, will be identical, from a relay 
standpoint, to a similar problem encountered in controlling magnetic 
valves and agitators in the chemical industry. Again, the same 
problem in a different disguise may have been encountered in con¬ 
nection with traffic controls, or bomb releases, or garbage disposal 
plants. 

An attempt has been made in this volume to group the majority 
of such problems, regardless of the particular industrial or military 
equipment application involved, and to present them in the best 
possible order. 



Fig. 1. This control panel manufactured by Aircraft Armaments, Inc. 


for an air traffic control simulator utilizes Type 180XDX relays 


When searching for the solution to a given relay problem, it 
should first be reduced to its fundamentals, and facilitating this 
has been one of the chief aims of this volume. In the majority of the 
wiring diagrams a rectangular box has been shown to indicate the 
load on the relay in order to make the application intentionally 
vague. If the user will substitute for these boxes, motors, solenoids, 
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SCOPE OF BOOK 


valves, warning signals, lamps or whatever other device he may be 
interested in controlling, he will quickly see that the book has been 
written with particular attention to his own application. 

In each of the many fields in which relays are used to any extent, 
a special terminology lias been developed to describe electric controls 
and their functions. This is particularly true when we compare the 
terminology of the public utilities to that of the communication 
engineers. Both have even developed distinct and conflicting 
symbols to designate various parts of electrical circuits. Ihus, in 



Fig. 2. Type 112XAX relays are used for ground fault detection in this 
mine control center made by the Westinghouse Electric Corp. 


preparing this volume, every effort has been made to avoid the use of 
terminologies or symbols that mean different things to different men. 
A number of words that are familiar in only one particular industry 
are avoided because the words used by that industry have different 
meanings in other industries.’' Insofar as has been practical, such 
terms are defined in Chaptei 8, and such symbols are illustrated 
in Chapter 3. In each case the words or symbols that are employed 
in this volume are also listed. 

Chapter 2, “Selection of Relay for Specific Task” will assist the 
prospective user in selecting the specific type of relays that should 
be used once all of the requirements of an application have been 

determined. 

Chapter 3 entitled “Applications and Circuits” includes a number 
of extremely simple relay circuits, and, in addition, illustrates a 
variety of more complex circuits which solve a great variety of 
problems. Frequently there are several solutions to a problem. 
In each case illustrated, the simplest dependable solution has been 
selected. Often the solution shown is not the obvious one, and in 
a great many cases, one or two relays properly interconnected are 
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Fig. 3. A type A175KXX 
Contactor is mounted as an 
integral part of a hoist 
housing. The contactor is 
push button operated to re¬ 
verse the direction of the 
hoist. A mechanical inter¬ 
lock prevents faulty opera¬ 
tion. 
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Chapter 4 which illustrates the typical relays, also refers back to 
Chapter 3 to demonstrate the many ways in which the various relays 
listed may be employed in actual circuits. 

Chapter 5 describes the several components of a relay. The portion 
of this chapter devoted to coils should prove of particular interest 
to anyone having unusual coil requirements, as it outlines the several 
considerations involved in selecting wire sizes, coil resistance, and 


shown accomplishing tasks that might require three or four relays 
if the more obvious circuits were employed. In this chapter, frequent 
references are made to the following chapter which illustiates and 

describes typical relays in more detail. 


Fig. 4. Relays mounted in this manner provide flexibility and simplify 
maintenance problems. The unit shown is an “Unilarm” plug-in panel 
produced by Russell &. Stoll Company, Inc. Type 119XBX relays are used. 
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relay engineering — STRUTHERS-DU N IM - INC. 


tun £ a C01 l necessary to secure operation differing 

mfoi mation to a few popular coil sizes that are used when the coil 
is connected directly across the power line. When there are important 
reasons for conserving coil power, or for connecting coflsT series 

! th *1 w ° ther ° r for connec ting coils in any of the many possible 
v\ays that may prevent them from receiving standard commercial 

voltage across their terminals, this section discussing coil require 
ments will prove very helpful. ^ iequne- 

deTaif ° ther C0mp0n f e nts i of a relay are also discussed in some 

detail The average user of well-designed relays should have little 

cause to investigate any of the intricacies of a magnetic structure 

binding post terminals when solder type terminals or removable 

mounting terminals might be far more convenient. All of the several 
types of terminals are described. several 

S n3„ a i Pter r® ° 0Ver ! a variet - v of auxiliary equipment ranging from 
special enclosures to transistors. Chapter 7 concerns installation 

maintenance, testing and testing equipment and Chapter 8 is 
Chapter 9. Various tables and charts giving information occasion 

O .* 11 relay ap,,ll, ' at,0ns are given in 1 hc 
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Fig. 5. A wide-range low amperage d-c welder complete with weld se¬ 
quence timer. Made by the Miller Electric Company. Type 215XBX Relays 

used in the timing unit are shown in the inset at top. 
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Evolution of the Relay 

Actually, although many of us look upon the relay as a compara¬ 
tively modern invention, the history of its development extends 
back beyond the middle of the last century. 

One of the first recorded instances of the use of such a device is 
found in the description of equipment designed in 1836 by Professor 
Joseph Henry for the purpose of demonstrating the ringing of a large 
bell at some distance from the control point. Professor Henry found 
it impossible to transmit sufficient power to operate the bell properly 
because of the high resistance of the control wire and proceeded to 
overcome the difficulty by designing an electrically-operated switch¬ 
ing device that was the forerunner of what we now know as a 
“relay”. The feeble current passing through the high resistance of 
the control leads was used to operate the relay contacts which then 
closed a local low-resistance circuit that rang the bell. 

Little was known about suitable contact materials in the early 
days of relay development. One of the means most frequently 
employed to prevent welding of contacts and to assure positive 
contact with negligible pressure was an iron wire that dipped into 
an open cup of mercury to complete a circuit. Even this, however, 
was far from satisfactory. Being exposed to the atmosphere, the 
mercury had to be cleaned or replaced at frequent intervals. 

Since then, relay development has seen a steady evolution of 
contacts composed of pure silver or alloys of various metals—an 
evolution which still continues as new and better alloys are developed 
for the many unique applications in which relays are called upon to 
serve in the modern world. 

Practically all of the basic principles applied to modern relay 
design were utilized by the pioneer investigators in this field. These 
earlier developments include examples of electrodynamic types 
(D’Arsonval) as well as of electromagnetic clapper and plunger 
types. The history of relay progress, however, has been one of 
constant refinement and development of these basic principles to a 
point where the modern product is as far removed from these 
pioneer relays as is the present day automobile from the first crude 
attempts to produce a horseless carriage. 

The first extensive commercial use of relays appears to have been 
made by telegraph companies whose problem was similar to that 
encountered by Professor Henry. The distance over which their 
telegraph sounders or recording devices could be controlled was 
definitely limited by line resistance. Heavy wires and high operating 
voltages increased this range to some extent but had obvious disad¬ 
vantages. Not until relays were used could long distances be bridged 
satisfactorily. This problem was solved by substituting a relay coil 
for the sounder and having the relay contact repeat the message on 
to its destination. In the other cases, the message was repeated to 
the coil of a second relay which, in turn, passed the message on 
toward its destination. 
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I19XBX relays are used as parts of plug-in components in this 
alarm system by Russell &. Stoll Company, Inc. 
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"5.: & l J° rthr “ P Co - has *•»'«"«« Dunco 214XBX48P relays into 

th.s control system where the need is for small, reliable components. 
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EVOLUTION OF THE RELAY 


The fact that this point of development was reached during a 
period when the Pony Express was a matter of public interest 
probably accounts for the selection of the name “relay”. It has 
been suggested that the relays of fresh horses made available to the 
pony expressmen at intervals along the route supplied the name for 
this new electrical device which served a somewhat similar purpose 
in enabling the transmission of telegraphic messages over long distances. 

As time passed and electricity found employment in numerous 
new types of work, more and more applications were encountered 
that required the use of relays. Existing types were utilized when¬ 
ever possible, sometimes being laboriously and often inexpertly 
adapted to the new purpose. Again, when a different relay type was 
indicated, one might be designed and produced for the particular use 
involved. Little effort was made to concentrate on the manufacture 
of such devices as a specialty. Relay knowledge was as widely 
scattered as the manufacturing of the comparatively few available 
types. To a large extent, a user was faced with the alternative of 
making a suitable relay for himself or of searching among scat¬ 
tered equipment manufacturers who, after producing a few relays 
for their own use, had gone a step farther and cataloged these for the 
information of possible purchasers who had similar relay requirements. 

On the whole, however, little attention was paid to investigating 
the entire field of relay application and use and to the consequent 
designing of a complete set of styles and types from which suitable 
units or adaptations could be selected for practically any application. 

It was not until 1923 that J. Struthers Dunn founded the company 
which bears his name with just this point in view. Here, the design 
and construction of relays was entrusted solely to men who devoted 
their entire time and specialized abilities to this work, and who did 
not merely develop an occasional relay as the need arose. 

From its inception, a guiding principle of this organization has 
been that of recommending only relays specifically designed in every 
respect to fit the application. Under no condition was an attempt to 
be made to follow the old system of fitting the application to the 
relay, thus forcing the user to purchase a stock type regardless of 
whether or not a specially designed unit would prove far superior 
for his purpose. 

The natural result of strict adherence to this principle has been, of 
course that, while a Struthers-Dunn Relay would not always be 
lowest in first cost it would save the user money in the long run and 
assure maximum satisfaction all along the line. 

Another result has been that, during the ensuing years, literally 
thousands of relay styles, shapes, sizes, and ratings were designed, 
engineered and produced in the Struthers-Dunn factory. Con¬ 
sequently, the percentage of new applications now requiring exten¬ 
sive relay development work has been reduced to a minimum. For 
the large majority of applications, even highly specialized relays can 
now be assembled from standard parts. 


21 



































r 


RELAY ENGINEERING-STRUTHERS-nuMM 


INC. 


Prior to World War II the majority of relays produced were a-c 

o^noHahl ^ H ^vr^ r, Wlt l tl ? G SU( i den advent of c °untless new types 
niof l ^ + i i ar f’ naval, and aviation equipment, stress was 

ypes Particularly those capable of withstanding the rigors^ of 

tyves7ool U T\Z U \uvn ge ' ThU * ° n T aga . in ’ the number of available 

a bg ^ upward under stimulus of Struthers-Dunn 
specialized engineering in its chosen field. 

I)iiri 11 C Ri■ hv 1 w,"° W i" e 1 ‘ 5 - 000 available standard Struthers- 

of each tlfe T task nf 1 , ™“ tles s Possible variations and adaptations 
or each the task of selecting the one best suited to a particular 

apphcation has become, m some cases, one calling for a considerable 

degiee of specialized knowledge. Thus it is the hope of the publishers 

thi ?f nd , b ° 0k t ia ' the lnformation herein presented will reduce 
this task to its simplest terms, assist materially in the proper selection 

<, ” s “ ^ 
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Mg- 8^. This automatic loading rack flash point tester made by the 
Precision Scientific Company automatically tests the flash point of fuels, 
accepting or rejecting them according to specifications. It utilizes Frame 
8BXX relays which operate when the coil is energized and return when 

they are deenergized. 


SELECTION OF RELAY FOR SPECIFIC TASK 


Contacts 

When relay contacts open a circuit that is carrying a direct 
current they must overcome several obstacles which either are not 
present or have only minor importance when such contacts interrupt 
an alternating current. 

Since direct current flows as the result of a continuous voltage 
applied to the circuit, it does not pass periodically through zero. 
Therefore, even in an absolutely non-inductive circuit, the full line 
voltage is available to maintain the arc that forms at the opening 
contacts. In addition to the line voltage, there is also an induced 
voltage generated in any inductance that may form a part of the 
circuit. This self-induced voltage is in such a direction as to oppose 
a change in the amount of current in the circuit and, therefore, is in 
the same direction as the line voltage, and the sum of these two 
voltages strives to maintain the arc. 

The actual heat developed in the contacts depends upon the 
magnitude of the current in the arc and the duration of the arc. In 
order to reduce contact heating, it is thus advisable to interrupt the 
arc quickly. The self-induced voltage that tends to maintain the 
arc varies with the rate of change of current in the arc. In conse¬ 
quence, this voltage is much higher when the arc is extinguished quick¬ 
ly than it is if the current through the circuit is broken gradually. 

Interrupting an inductive d-c circuit presents the same identical 
problems as interrupting a non-inductive circuit with a higher line 
voltage. In other words, if a 230 volt non-inductive circuit is to be 
interrupted, the task performed by the relay contacts is similar to 
that of interrupting a 115 volt circuit, that is so inductive, that it 
induces 115 volts which, added to the 115 volts in the line, result 
in the same 230 volts available to maintain an arc. A circuit which, 
when interrupted quickly, introduces a voltage only equal to the 
line voltage is not usually considered very highly inductive. Instances 
where peak induced voltages are many times the line voltage are 
common. 

The interrupting capacity of a relay contact may be increased 
about three times by making it double-break instead of single-break. 
Another way of increasing contact interrupting capacity many times 
is by use of some form of magnetic blow-out device. Where the 
current through the contacts does not vary over wide limits, an 
electromagnetic blow-out is to be preferred. The blow-out coil is 
usually connected in series with the contact. Reversal of the direction 
of the current in the arc will be accompanied by a reversal of the 
direction of the current in the blow-out coil. Thus such a blow-out 
will be equally effective and will displace the arc in the same direction 
regardless of the direction of the current in the arc. A blow-out coil 
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Fig. 9. Type 219XBX48P industrial control relays with octal plug mount¬ 
ing are used in automating machines designed by the Thompson Products 

Valve Division. 


Conveisely, if a blow-out coil is intended for use on small currents 
it will consist of many turns of fine wire. This fine wire coil will 
overheat badly if required to carry heavy currents for extended 
periods. In certain cases where current need be carried only briefly 
a low current blow-out coil wound for 5 amperes will prove extremely 
effective in interrupting quite large currents or in interrupting high 
voltage or extremely inductive circuits. 


wound to operate on heavy currents will usually consist of a few 
turns of heavy wire. A small current passing through the coil will 
rarely develop a magnetic field sufficiently strong for efficient 
quenching of the arc produced. 


CONTACTS 


Permanent magnet blow-outs have certain advantages and certain 
disadvantages. Since the polarity of the magnet remains constant 
regardless of the direction of the current in the arc, the arc will be 
displaced in one direction if the arc current is one way, and will be 
displaced in the opposite direction if the arc current flow is reversed. 
If the arc is displaced in the wrong direction it will usually extend 
to some part of the relay where it is not wanted. Care must therefore 
be taken in connecting relays having permanent magnet blow-outs 
to make sure that current passes through the contacts in the desired 
direction. This situation is particularly important in the case of 
double-break relays or double-pole relays where two arcs may form. 
Often the permanent magnet blow-outs are located so that the arcs 
will be blown away from each other when the external connections 
are properly made. If, however, the direction of the current through 
the contacts is reversed, the two arcs may be blown together with 
the result that an arc is established directly across the line. 

Permanent magnet blow-outs have a very decided advantage due 
to the fact that they maintain a constant magnetic field regardless of 
the magnitude of the current in the arc. Where the relay contact 
must at times carry a heavy current for extended periods thus 
making it impractical to employ a blow-out coil wound with fine wire, 
and when this same relay must, at other times, interrupt a current 
large enough or sufficiently inductive to require the use of blow-out 
coils but not large enough to make very heavy blow-out coils effec¬ 
tive, then it is advisable to use permanent magnet blow-outs. 

Blow-out coils introduce a small amount of inductance in series 
with the relay contacts. At times this additional inductance might 
be disadvantageous, but at other times it may prove helpful in 
eliminating extremely sharp peak values of the current flowing 
through the contacts. 

Absorption circuits, sometimes employed to assist a relay to 
interrupt a d-c load, are considered auxiliary equipment and are 
discussed in Chapter 6. Any or all of the contacts on the various 
relays employing magnetic structures 8 or 84, as described in Chapter 
4, are available with standard electromagnetic blow-out coils on any 
or all of their contacts. Both electromagnetic and permanent magnet 
blow-outs are regularly supplied on all types of relays. 

Most relay types are available with either single-break or double¬ 
break contacts. In a single-break contact, current is fed into a 
movable arm through a flexible connection usually called a pigtail. 
The end of the moving arm carries the contact which engages and 
disengages a cooperating fixed contact when the moving arm is swung 
backward and forward by means of the operating mechanism of the 
relay. In some instances, such a contact will be double-throw, in 
which case it touches one fixed contact when the arm is swung in one 
direction and touches another fixed contact instead, when the arm is 
swung in the other direction. 

A double-break contact ordinarily consists of a strip of metal with 
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Single-break and double-break contacts each have certain advan¬ 
tages. A single-break contact concentrates all available pressure on 
a single point. Consequently, it is much to be preferred where the 
contact circuit voltage is low. The heavy pressure helps the contacts 
penetrate any film that may have formed on their faces. Where 


Fig. 11. A 99BXA sequence relay guards against false operation of the 
municipal box in this Fire alarm control panel by the Edwards Company. 


Fire alarm panel designed and constructed by the Standard 
3 Time Company. Types 8, 84, and 112 frame relays are used. 


a contact button at each end. This arm is arranged so that operation 
ot the relay causes the strip to move sideways, thus bridging two 
stationary contacts and establishing a circuit. Where the double¬ 
break contact is also double-throw, the moving strip will, in one 
position bridge one pair of stationary contacts, and in the opposite 
position, bridge another similar pair of stationary contacts. Diagrams 
of single-break and double-break contacts are shown on Page 107. 
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heavy currents are to be handled, the additional contact pressure is 
also advantageous. 

Usually the inertia of a single-break contact will be less than that 
of a double-break contact with the result that more rapid action can 
be secured if speed is an asset. Whereas the single-break contact will 
usually give more contact pressure, it is possible, on the other hand, 
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to reduce the total operating force produced by the relay and still 
secure adequate pressure on a single-break contact. On a double¬ 
break contact, however, the limited force available, if divided over 
two contact surfaces, would be insufficient for satisfactory perform¬ 
ance. It is usually simpler to secure a desirable wiping action as the 

contacts close, when a swinging single-break contact is used, than it 
is with a double-break contact. 

In many designs of double-break contacts there is a tendency for 
one side to make first and for the other side to break first This 
results in uneven wear which may cause the double-break arrange- 
ment to have a shorter life than the single-break contact. When one 
side of a double-break contact makes first it may, with some designs, 
set up a vibration m the moving contact member that will result in 
more bouncing of the contact as it makes than would be encountered 
in a similar single-break design. Although well designed relay con¬ 
tacts may be expected to operate millions of times without failure 
when two such contacts are connected in series and the circuit fails to 
close if either contact fails to close, it is obvious that a double-break 
contact is more apt to fail than a single-break contact. 

In order that a current may reach the single button on a single- 

break contact, it is necessary to provide some sort of flexible con- 

°fl' F, SUaIly ’j thl ® connection consists of a finely stranded and 

hfl 7 nrd« 3X, ^ 1 c.conductor which, by its nature, introduces certain 
azards. I his pigtail, if mishandled, may become entangled with 

nearby terminals or other projections on the relay, possibly even to 

the extent of restricting free movement of the relay armature. After 

long service, some strands in the pigtail may break and occasionally 

replacements are necessary. In Struthers-Dunn relays the pigtail 

\w , without exception, outlast the contact material and spare parts 

are designed so that the pigtail must be replaced when the long-lived 
contacts are replaced. * 

In other forms of single-break contacts, the flexible connection to 
the moving member consists of a spring or ribbon of metal. Usually 
in order to secure the necessary degree of flexibility, the cross section 

° f 1 Vu lbbon - s down to the minimum size necessary to carry 
safely the required amount of current. Examples of relays using this 

l'4ge 341° nn(3Ctl ° n t0 ^ movmg contacts are shown in Fig. 227 on 
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Duty Cycle 

Relay applications vary greatly as to frequency of operation, 
borne relays, for instance, are called upon to operate several times a 
second over extended periods of time. Other applications call for 
very infrequent operations. An outstanding example of this latter 
type is a relay employed to prevent interference between a burglar 
alarm system and a fire alarm system and which would only operate 
in case of a simultaneous burglar and fire alarm. Obviously, such a 
relay might be expected to remain unoperated for many years. 

The other extreme in frequency of operation is encountered in 
certain flashing applications when a relay is expected to operate 
many times each second. Neither of these relays would be considered 
standard and in each case a standard industrial type relay would 


Fig. 12. Fire Alarm Control Panel, 
Sperti Faraday, Inc. 
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require some alterations in order to meet the requirements of the 
service. 

If the relay contacts are to remain unoperated over extremely 
long periods, precautions must be taken to prevent the accumulation 
of dirt or dust on them. Moreover, the contacts must either be 
composed of a metal that does not tarnish, or the design of the relay 
must be such that the contacts will close with sufficient pressure to 
puncture any film that might form on them. 

If the current to be handled is small, the contacts may be pointed 
so that the available pressure may be concentrated on these points 
in order to bite through any dirt, oxide, or sulphide film that may 
have formed. Since the service on this relay is infrequent, the pointed 
contacts may be expected to remain pointed throughout the life of 
the unit. Such a pointed contact would be entirely unsatisfactory 
on a relay that operates frequently. Where the relay operates 
frequently the contacts will tend to clean themselves, and the design 
should be such that all wear is reduced to a minimum. This, of course, 
precludes the use of pointed contact surfaces. 

If a relay coil is never energized for extended periods, it is often 
advisable to use an undervoltage coil. For instance, if 115 volts is 
to be applied it is possible to secure more than normal contact 
pressure where this is desirable by installing a coil having a con¬ 
tinuous rating of only 90 volts. Or, if the coil is to be energized only 
for extremely brief intervals, it is entirely practical to use a 24 volt 
continuous-duty coil on a 115 volt circuit. 

Where the duration of the impulse to a coil is controlled by a push 
button or other manually controlled device, it is inadvisable to 
assume that the push button will only be operated for extremely 
brief intervals. However, where the relay in operating, directly 
deenergizes its own coil, or where the relay controls some other 
device that, in turn, automatically deenergizes the relay coil, it is 
safe to assume that, under no conditions, will the coil be energized 
for more than a small fraction of a second. Consequently, no coil 
overheating will occur if the continuous rating of the coil is only a 
small fraction of the applied voltage. An example of a relay that 
automatically disconnects its coils from the power supply the instant 
they have performed their function is shown in Fig. 82. 

It is seldom safe for a relay manufacturer to assume that a relay 
coil will not be continuously connected to the power supply. Unless 
there are definite specifications to the contrary all Struthers-Dunn 
relays are provided with coils suitable for continuous service across 
the line. One exception to this rule has already been noted in the 
relay shown in Fig. 82. This relay when properly connected is 
known as a universal type, and will operate satisfactorily on any 
voltage between 24 volts d-c and 220 volts d-c. This same relay 
with the same coils will operate on alternating current at voltages 
ranging from 115 up to 230. 
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In connection with some motor reversing applications, particularly 
as encountered on aircraft, one relay is used to run a motor forward 
and another to operate the motor in reverse. In the design of such 
relays it is assumed that the motor can neither run forward nor 
backward continuously, and that, therefore, neither the forward 
nor the reverse relay need have coils suitable for continuous operation. 

When power is applied to a relay coil its temperature increases. 
As this occurs, the rate at which the coil transfers heat to the sur¬ 
rounding air increases. When the coil becomes so hot that heat is 
transferred to the air at the same rate at which it is developed in the 
coil due to the pow r er input, the temperature of the coil becomes 
constant. The temperature rise of a coil is quite rapid when power is 
first applied to it. This is so because, initially, the coil is transferring 
no heat to the air. As the coil approaches its final temperature, 
however, it loses heat almost as fast as it is developed and the 
resulting temperature rise is very slow r . 

Many factors such as the size of the relay and even the color of 
its coil wall govern the rate at which heat is dissipated and will also 
govern the time required for the relay to come up to its final tempera¬ 
ture. However, a very rough figure, but one sufficiently accurate for 
the following assumptions, is that the coil will experience 50% of its 
total temperature rise in 10 minutes and that it will come up to its 
final temperature in one hour. 


TABLE 2 

TIME CONVERSION TABLE 



SECOND 

MINUTE 

HOUR 

DAY 

WEEK 

YEAR. 

31,536,000 

525,600 

8,760 

365. 

52. 

MONTH. 

2,628,000 

43,800 

730 

30.3 

4.3 

WEEK. 

604,800 

10,080 

168 

7. 

1 . 

DAY. 

86,400 

1,440 

24 

1 . 

• • • • 

HOUR. 

3,600 

60 

1 


• • • • 

MINUTE. 

60 

1 

• • • • 


• • • • 


Where an undervoltage coil is employed, no more energy should 
be put into the coil during any 10 minute interval than it would 
receive under rated continuous conditions. If it is a 3 watt coil, 
6 w T atts are safe for 5 minutes out of each 10 minute period; or 15 
w r atts for 2 minutes out of 10 minutes w r ith the other 8 minutes 
available for cooling. It makes little difference w’hether the 15 w r atts 
are applied continuously for 2 minutes, or whether they are applied 
10 times for an average of 12 seconds each. 

As an arbitrary figure, a minimum of 1,000,000 operations has 
been selected as the standard life of industrial type relays. Individual 
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units may be expected to exceed this minimum expected life by a 
very substantial margin. Table 2 converting various time units is 
shown on Page 34. It will be seen from this that, if a relay op¬ 
erates once a second for 24 hours every day in thew r eek,itwill complete 
its minimum expected life within a couple of weeks. How r ever, if it 
merely w r orks an 8-hour shift, and is not required to operate on 
Sundays, its expected life will be extended by more than three times. 
If a relay operates once every minute in the year the expected life 
would be two years. 
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Fig. 13. The Edwards Company uses 112XAX high-sensitivity relays in 
this fire alarm panel which is the heart of the system and controls its 

various elements. 
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It should be borne in mind, however, that if a relay is controlled 

by a chattering contact which causes half a dozen false closures every 

J?, me it Performs an intentional operation, its anticipated two-year 

lile will be reduced to 4 months. On this same basis, a relay that 

operates once an hour would be expected to give a minimum life of 
12 years. 

In any case where rapid operation is involved in the selection of a 
relay, a rough computation should be made to determine whether 
or not special long life modifications of standard relays will be neces¬ 
sary to secure the expected dependability. Usually, at the expiration 
ol the million operations, it is merely necessary to replace a few 
parts to restore the relay substantially to its new condition. Where 
relays are to be maintained by periodic maintenance with replace¬ 
ment of simple parts where necessary, the life of standard industrial 
units is extended almost without limit. 

In some types of service, relays are subject to considerable 
physical abuse. Most industrial relays will withstand a considerable 
amount of mistreatment, but where conditions are worse than usual 
in this respect, the sturdier of two units should always be selected 
where such a choice is available. ’ 

Due to the fact that relay manufacturers must necessarily build 
units which will be suitable for connecting almost any sort of a pilot 
circuit to almost any sort of a load, it is common practice for users to 
select all of the other components entering into a circuit before 
selecting the relay. Very often, the only space left in which to mount 
the relay is extremely restricted. Although ample when measured in 
cubic inches, the physical dimensions of this space may necessitate 
a long, narrow relay or some other special shape. Much of the equip¬ 
ment in which relays are used is of streamlined design and the relay 
is expected to fit into odd-shaped corners shaped for beauty rather 
than utility. Where the space for mounting the relay is thus re¬ 
stricted, either as to volume or shape, this factor must of course be 
considered in selecting a relay. 

Although a great many relays are provided with binding post 
terminals, many applications are encountered where this form of 
terminal is not the most convenient one. A variety of different 
terminal facilities are described in Chapter 5, and various types 
of mountings arc discussed in Chapter 6. Upon occasion, proper 
choice of terminals and mounting facilities will result in sufficient 
savings in the cost of installation and wiring to pay not only for the 
special facilities in the relay, but for the entire relay. 

many likes and dislikes, and as a 
result the selection of a unit for a particular application may be 

determined by the psychological appeal it has to the user. In certain 
industries lightness of the relays will be an advantage. In other 
industries however, any relay that does not weigh several pounds is 
considered a toy. Relays employing mercury contacts such as those 
shown on Page 329 are either violently liked or violently disliked by 
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most users. In one case, the fact that the contacts are hermetically 
sealed against dust is the determining factor in their selection. In an 
exactly similar application elsewhere, however, the fragility of the 
glass mercury tube will make such a relay unacceptable. 

The cost of the relay is always of importance. If it is to be mounted 
m some large device that may be worth several thousand dollars 
the possibility of tying up this equipment by relay failure is the first 
consideration, and any small extra cost for a unit of proved reliability 
is simply a matter of sound business insurance. If the relay is 
mounted in a device that is to be maintained at the expense of the 
manufacturer of the device, it is entirely possible that a single 
sei vice call will cost far more than the difference between the 
cheapest and the most expensive relay on the market. In very rare 
instances, but particularly in cases where large banks of relays are 
continuously energized, the cost of the power consumed by them 
may be an appreciable factor in their selection. 

Dependability in a relay results from skillful design, careful work¬ 
manship, the use of best materials, and repeated testing and retesting 
of each unit. Each of these several items costs money. The relay with 
lowest first cost is seldom the cheapest in the end. On the other hand 
a relay with an extremely high first cost is not necessarily the best, as 
zj}, extreme ly pnee may merely indicate lack of design skill. 
When economizing, therefore, it is well to decide whether to save on 
servicing, power consumption, customer good will, relay price or 
whatever other factors are involved. 
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Pilot Circuits 

The operation of a relay is generally initiated by some device, 
such as a push button, that responds to the control of an operator. 
Again, the relay may be controlled directly or indirectly by the 
operation of a thermostat, a limit switch, a contact making tachom¬ 
eter or some similar device. A partial list of such controlling 
devices follows: 


TABLE 3 

RELAY CONTROLLING DEVICES 


Means of Operation 


Usual name of Pilot Device 


Manual 

Position 

Time 

Liquid level 

Temperature 

Humidity 

Speed 

Weight 

Light* 

Flow, liquid or gas 
Size 

Pressure or vacuum 
Sound* 


Electrical 


Push button, foot switch, telephone dial, etc. 

Limit switch 
Program clock 
Float switch 

Thermostat, thermoregulator, thermal switch, etc. 
Hydrostat, humidistat, etc. 

Contact-making tachometer or accelerometer 

Contact-making scales 

Photo cell, colorimeter 

Contact-maker flowmeter 

Contact-making extensometer or micrometer 

Pressurestat 

Microphone 

Contact-making voltmeter, ammeter, wattmeter, demand 
meter, frequency meter, galvanometer, etc. 


*A vacuum tube amplifier is usually interposed between the pilot device and the con¬ 
trolled relay. 
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Voltage Rating 

Pilot contacts may be insulated for line voltage (usually 120 or 
230 volts) or they may require that a lower voltage be provided to 
avoid insulation failure and the possibility of electrical shocks to 
anyone making adjustments or otherwise coming into contact with 
the equipment. 

Current Rating 

Pilot contacts may be capable of controlling various amounts of 
power depending largely on the current-carrying capacity of the 
component parts as well as on the pressure available to close the 
contacts. For convenience, they are divided into 4 groups. 

Micro-sensitive instruments are those whose power handling 
capacity is in the order of micro watts. Usually such devices merely 
control vacuum tube circuits or relays of the very delicate d’Arsonval 
type. 

Sensitive contacts are defined as those having a rated capacity 
sufficient to handle sensitive relays requiring about 0.01 watts but 
insufficient to control more sturdy relays that ordinarily have coils 
wound for several watts. 

Control duty contacts are those capable of handling several 
watts so that they can directly control one or more sturdy relays. 

Heavy duty contacts are those capable of handling substantial 
loads directly. Such instruments are frequently used without relays 
and when, for any reason, relays are required in the circuit, the full 
load current may be permitted to flow through the instrument 
contacts. 

Contact Engagement 

Pilot contacts are classified as either snap action or as slow make 
and break. 

Snap action contacts include those which, when closed, are held 
together with a definite minimum pressure and that, when open, 
are always separated by a definite minimum distance. 

Slow make-and-break or non-snap action contacts are 

those that may make uncertain electrical contact. Under some 
conditions either the contacts may touch each other with insufficient 
pressure to assure positive electrical contact, or they may open with 
such a small separation that the circuit is not surely interrupted. 
Thus, particularly in the presence of some slight vibration, an 
intermittent flow of current may result. Such contacts form a very 
important group. Relays and relay circuits that have been particu¬ 
larly developed for such service should always be used in conjunction 
with pilot devices whose contacts may chatter. 

Contact Arrangement 

Pilot devices may have two or more cooperating contacts. The 
simplest arrangement consists of a single pair of cooperating contacts 
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which are either normally open or normally closed. The normal 
position is usually defined as the position the contacts assume due 
to action of a spring or gravity. Due to the action of forces, tempera¬ 
tures, electrical conditions, etc., to which the pilot device is designed 
to respond, the contacts assume an operated position, which differs 
from the normal position. A pair of contacts that are normally 
open will close in the operated position whereas, normally-closed 
contacts will open in the operated position. 

Many pilot instruments employ more than a single pair of co¬ 
operating contacts. By employing additional contacts it is possible 
to eliminate power-consuming snap action mechanisms, and at the 
same time, to operate a comparatively simple relay without danger 
of causing the relay to chatter. 

In all cases where a relay is used in conjunction with a multiple 
contact pilot device, a properly designed circuit will protect the 
controlling contacts. This will often limit their function to making 
a circuit, neither permitting them to carry nor to break any current 
whatever. In other cases the circuit will permit the controlling 
contacts to carry current after they have closed with substantial 
pressure, but will prevent them from carrying current while chatter 
may be present. In this case the relay will definitely interrupt the 
circuit at the first sign of chattering of the instrument contacts that 
have been carrying the current. 

Such circuits are generally known as 3-wire control circuits. One 
of the most common of these is usually called High, Common, and 
Low or, for brevity, HCL control. 

Generally, the high and low contacts are relatively fixed, although 
often adjustable. The common contact is mounted on a moving arm 
that swings between the two fixed contacts, touching one or the 
other depending on whether the controlled relay should open or close. 
Malfunctioning of the circuit may result if the two fixed contacts 
are adjusted so close that they simultaneously touch the moving, 
common contact, or even if they are so close that normal vibration 
will cause the common contact to touch them alternately in rapid 
succession. 

An example of an HCL control device is shown in Fig. 14-1. 

Another form of 3-wire control device is also quite common. In 
one extreme position this type of device connects together all three 
contacts. In the other extreme position all three contacts or leads 
are isolated from each other. At an intermediate position two of the 
contacts are connected but the third one is isolated from the other 
two. For convenience this is called a Make-and-Break control, 
since a change in one direction from the intermediate position will 
cause the isolated contact to close, while a change in the opposite 
direction will cause opening of the contact that had been closed. 

Fig. 14-2 shows a typical example of a control of this type as 
incorporated in an ordinary room temperature control or thermostat. 
The drawing at the left shows the hot position with all contacts open. 
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lhe next drawing shows a slightly cooler position. The holding 
contact is closed but perhaps it is chattering and the pick-up contact 
has not yet closed The third drawing shows the thermostat after 
further cooling. The holding contact is now firmly established with¬ 
out chatter and the pick-up contact is just making an uncertain 
contact, lhe first touch of the pick-up contact closes the relay which 
then holds closed due to current through the holding contact. 
Eventually the room temperature rises, opening the pick-up contact 
completely, and the relay is then still held closed by the holding 
contact. When the temperature has raised sufficiently to open the 
holding contact, or even to make the holding contact chatter, the 
relay drops open at the first interruption of current and the circuit 
is returned to its original condition. 

The several possible voltage and current ratings and the manners of 
engagement of the different arrangements make a possible total of 

, types of pilot instrument contacts that may control a 

relay. These different items are listed in Table 4. Either item in the 
hrst column may be combined with any item in the second and in the 
following columns. Many of the possible combinations are frequently 
encountered while others are rare. It is unusual to find chattering in 
a heavy duty contact although this condition is occasionally en- 
countered in an improperly adjusted instrument. 


TABLE 4 

PILOT CONTACT CHARACTERISTICS 


Voltage Rating 
(Insulation & 
Spacing) 


High Voltage 
Low Voltage 


Current or 
Power Rating 


Micro-sensitive 
Sensitive 
Control duty 
Heavy duty 



Snap-Action 


Chatter 


Contact 

Arrangement 


Normally-open 

Normally-dosed 

Double-throw 

High-Common- 

Low (HCL) 

MakedBreak(MB) 


table 1 on Page 31 lists several combinations and refers to the 
descriptions of applications involving such pilot instruments. When 
a relay selection involves any unusual requirements in connection 
w ith a pilot circuit it is suggested that reference be made to the 
comparable combination as listed in this table. 

W hen a load is to be disconnected from the supply circuit, there is 
often a choice as to whether to break one side of the line or to break 
both sides of a 2-wire line. Usually the construction of the relay is 
Simplified if the number of contacts is reduced to the minimum that 
\\ ill afford satisfactory operation. Also, if it is unnecessary to break 
both sides of the line, it is needless to expose both sides of the line 
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jit the relay where carelessly handled tools may cause a possible 
short circuit. Particularly in cases where a load circuit is auto¬ 
matically energized and deenergized by the operation of a device 
such as a thermostat, it is essential that some means be provided 
for positively disconnecting the load from the line. Thus, when it is 
being serviced there will be no possibility of power being applied 
to the load due to accidental operation of the instrument in the 
pilot circuit. 

If both sides of the line are broken by means of double-pole, 
single-throw contacts, the rating of the relay is exactly the same as 
if one side of the line is broken by means of double-break contacts. 
Where one side of the line is grounded, there are often advantages in 
merely breaking the “hot” side of the line, as when the grounded side 
of the line is left permanently connected to the load there can be no 
possibility of shock when the “hot” side is broken. 

In the case of a 3-wire d-c or single-phase system, or in the case 
of a 3- or 4-wire polyphase system, the possibility of leaving one of 
the leads to the load permanently connected should always be 
considered, since, if the load is connected with the line only at one 
point, it can draw no power from the line. 
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Loads 

Generally the object in using a relay is to control a load. Chapter 
5 which discusses contacts necessarily covers this phase of relay 
selection in some detail. When a relay contact closes it must energize 
the load. This is known as making a contact. While the relay contact 
is closed it must carry the load current. Upon opening, it must break 
the load current. 

The three functions of a contact, namely, making, breaking and 
carrying, should be considered separately for proper determination 
of the ability of a given contact to handle a given load. When 
contacts make the load circuit, the initial current flowing through 
them may be the same or quite different from the later steady value 
depending on the nature of the load. If the load is inductive, it is 
impossible for the current to increase suddenly from zero to a very 
high value, as the inductance of the load always opposes any change 
in current through the load. Therefore, the current will increase 
gradually in accordance with a logarithmic curve from its initial 
value of zero up to its final steady value. 

Both a-c and d-c loads are frequently described as being inductive 
in nature. Compared to the amount of inductance regularly en¬ 
countered in d-c loads, the inductance of any a-c load must be 
negligible as the gradual change in current permitted by a high 
inductance would prevent the flow of any appreciable current from 
an a-c source. Frequently, however, a so-called inductive a-c load 
consists of a solenoid or some such device with a movable armature 
which closes some short time after power is applied to the solenoid. 
Such a device may depend upon its inductance to limit the current 
flow after its armature is closed. Initially, however, before its 
armature is closed, it will momentarily draw an extremely large 
current. This condition calls for high making capacity of the relay 
contact. It must be borne in mind that the inrush is not due to the 
inductance, but is due to the lack of inductance at the instant the 
relay contacts close. 

Other types of loads also result in brief currents of large magnitude 
at the instant the relay contacts close. Most motors depend upon 
their generated back voltage to limit the current to a reasonable 
value after they are running. When power is first applied to them 
the armature is at rest. Therefore, there is no back voltage to limit 
the current demand and, as a result, the initial starting current is 
substantially larger than the running current. A table showing the 
inrush currents to be expected for various motors is given in 
Chapter 9. 

Most electrical conductors have a positive temperature coefficient 
of resistance which causes their resistance to increase by a certain 
percentage for each degree of temperature rise. When the tempera¬ 
ture rise is moderate, this effect can be ignored. However, should the 
temperature rise several thousand degrees, as in the case of a metallic 
filament incandescent lamp, the difference between the cold resistance 
and the hot resistance may be very large. 
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Mazda lamps are, of course, rated on the basis of their hot resistance. 
This means that, when the voltage is first applied to the cold filament, 
a lamp rated at 100 watts may draw as much as a thousand watts 
initially from the power line through the relay contact controlling 
it. Naturally this large power input heats the filament very quickly 
with a resultant increase in its resistance and the power drawn by 
the lamp rapidly decreases to its rated value. In the meantime, how¬ 
ever the relay contacts have had to close on the initial inrush 
current. A chart from which inrush currents may be computed is 
showm in Figure 354 on Page 636. 

Another type of load which may involve an inrush current far 
greater than the normal steady current value is occasionally en¬ 
countered in applications involving rectifiers. If the output ol the 
rectifier is filtered, an important component of the Alter combination 
is usually a condenser. When the rectifier is disconnected from the 
line, the filter condensers become discharged, and w hen the rectmer 
is again connected to the line these condensers must be charged with 
rectified currents supplied by the rectifier. 

In order to protect the rectifying elements from extremely large 
momentary currents, it is customary to use a so-called choke input 
filter ” In such a filter, a series inductance precedes the hrst shunt 
condenser. The value of this choke is usually selected to prevent the 
flow of a current so large that it will damage the rectifying device. 
Most rectifying devices, however, wall withstand very heavy over¬ 
loads for very brief intervals and a choke that will protect the rectifier 
properly may permit sufficient inrush to require special consideration 
of any relay contacts that have to make on this heavy starting 

current. 

When all of the design data on the rectifier and filter are known, it 
is possible to compute the maximum peak inrush current with some 
accuracy. In addition to the inrush resulting from the condenser 
charging currents, it is also necessary to consider the erratic nature 
of the transformer magnetizing currents occasionally encountered in 
such applications wdiere transformers having an extremely high 
step-up ratio are involved. 

Although, as previously stated, an inductance permits a gradual 
growth in current, and therefore no inrush would ordinarily be 
anticipated with d-c solenoids, many d-c solenoids are provided 
with an auxiliary contact arranged to insert a resistance in series 
with their coils after they close their armature. In other types, the 
auxiliary contact may be arranged to change a tap so that all ol the 
solenoid winding is available to hold the armature closed, whereas 
only a small portion of the winding is used to supply the initial 
closing effort. Either of these arrangements will produce an inrush, 
the magnitude of which cannot be anticipated, as it will depend 
entirely on the design of the particular solenoid involved. 

An inrush will always be encountered when the load consists 
entirely or largely of capacitors. This is a rather rare type of load, 
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although one that may be encountered in connection with a-c power 
factor correction devices, and with certain types of d-c equipment. 

When standard silver contacts are used on these or on any other 
similar types of loads involving an inrush, it is advisable^to use 
relays having a continuous current rating not less than 50% of the 
maximum peak value of the inrush. Where the anticipated inrush 
current is so large that this practice would require the use of an 

uOT2 y rSS welding ^ ° f C ° ntaCt matcrial should be 

coSact^operated^ii^parallel^uchTontacts'do^ot'double t^^carry-j 
mg capacity of a relay. They may, however, more than double the 

somesmalTextfntwhen y i 0f the M ° St a " contaots b °unce to 

while bouncing, since they rarely bounce in unison. 7 I 

The effects of inrush may be overcome by eliminating the inrush! 

a i esistor is briefly inserted in the circuit to limit the inrush current! 
Mercury contact relays such as Type 22AXX shown in Chapter 4 I 

of mercury nCrease excesslv ely the temperature of the entire body! 

n Z\ZV, he B l, n T h ™ rrent Very large but the steady current is I 
is mdi ™ted h ‘ gh reslstance but weld-proof contact such as tungsten I 

that °th^Te«t h ?= WeV6r b t‘ e j’ ™ ay . weld contacts because of the fact! 

lmush together with any other ill effects that may result from the I 
Such bTowmit y noil 1 ' 110118 ’ by en ? pIoyin g rela y § with blow-out coils, 
break a current, but in rare instances, due to their inductance thev 

also assist contacts to make a circuit. tance, tney I 

After a relay contact has closed, it must then be capable of carrying 
the load current until such time as it reopens. The carrying capacitf 

Porr!! tire y inde P end f, nt . of making and breaking capacfty. P The 
nirrlnt S capacity wdI depend upon the cross sectional area of the 
parts andunon^hp^f/ UP< n ^ conductivit y of the current carrying 

must be earned for such a brief interval that thereTs no possiblhty 
breaking currents that flow through the memory contact and safety I 
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contact of the relay showm in Fig. 136 are examples of brief currents 
which cannot possibly flow long enough to cause appreciable heating. 

In the majority of cases, how r ever, it is assumed that current 
carrying parts must be capable of carrying their load continuously. 
It is customary to rate relays not above % of their continuous carry¬ 
ing capacity since it is the practice of the Underwaters’ Laboratories 
to test the carrying capacity at 50% above the rated value. Where 
a relay design permits the current to flow^ through any spring 
members, it is customary to allow r a considerable additional margin 
due to the fact that springs wall usually lose their spring character¬ 
istics if badly overheated even for brief intervals. Non-spring 
members are usually made of brass or copper depending on the 
mechanical requirements of the piece involved. Designs that prevent 
the current from flowing through any spring members are usually 
capable of withstanding much greater overloads and are usually less 
likely to be damaged seriously by overloads. 

When called upon to carry current far in excess of its rating, a 
well designed relay may be expected to discolor the electroplating 
on its contact members long before it will fail to function properly 
in the circuit. Chapter 8 lists data concerning the allowable tempera¬ 
ture rise governing the carrying capacity of relays. 

The ability of a relay contact to break or interrupt the current 
in the load circuit depends on factors entirely independent of those 
governing its making and carrying ability. Alternating currents of the 
magnitude usually handled by relays, namely, up to 250 volts or 50 
amperes, rarely introduce any breaking problem whatever due to the 
fact that the voltage and current alternately rise to a maximum in 
one direction, then decrease to zero and rise to a maximum in the 
other direction. Twice each cycle as the voltage across the contacts 
passes through zero, the arc wall be extinguished and, once extin¬ 
guished, will not reestablish itself. Since an arc that lasts for Yi 
cycle or less presents no problem whatever, the breaking of such a-c 
arcs requires no further discussion. Where higher a-c voltages are 
encountered, there is quite a possibility that an arc will reestablish 
and be maintained through vaporized metal in the arc path. In 
such cases, an a-c arc should be treated in the same manner as a 
d-c arc. 

Most relays that have both normally-open and normally-closed 
contacts are designed so that, when the relay operates, one set of 
poles opens before the other set closes. When the contacts are 
operating in a d-c circuit, there is always a possibility that an arc 
will form at the contacts and will hold on for a brief instant after 
the contacts have opened. In such circuits the possibility should be 
considered that the normally-open contacts will close before the 
normally-closed contacts have opened sufficiently to extinguish an 
arc. Where possible, circuits should be employed that will prevent 
such a condition from establishing an arc directly across the voltage 
supply. A similar condition may be encountered in a relay such as is 
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shown in Fig. 128. Here, if the relay is energized and draws an 
arc on its normally-closed contact which persists until the moving 
contact has completed its travel, there is a possibility that the 
emergency d-c source may be connected into the regular service 
source. This possibility should be considered when the circuits are 
laid out. When there is a possibility that sustained arcs will cause 
( rouble, blow-out coils or other means should be used to quickly 
interrupt the arc, even if the service is not so severe as to require 
blow-outs under ordinary conditions. 

There are a few types of loads that decrease in resistance or im¬ 
pedance as the voltage applied to them is increased. Carbon filament 
lamps that were once quite common represent a load of this nature. 
Reactors that are operating near their saturation point will similarly 
increase their current demand greatly if the applied voltage is 
increased. 

When selecting a relay for use with such loads, the possibility of 
an abnormal voltage accompanied by an extremely large current 
flow should be remembered. Consequently, the relay should be 
selected on the basis of sufficient contact capacity to stand up under 
(his abnormal condition. A relay may ordinarily be expected to 
handle 50 percent more current than its rating. However, if this 
large safety factor is used up in handling a load beyond its rating, 
the relay will not have the additional reserve capacity to function 
properly under abnormal conditions. 

Contacts of commercial relays are usually rated on the basis of one 
or more standard voltages. On the other hand, it is often desirable to 
determine an appropriate current rating for some voltage other than 
those voltages listed in manufacturer’s data. Usually such published 
data will give the largest current rating in connection with the lowest 
a-c voltage. This is the limiting current determined by the carrying 
capacity of the contact circuit. The current carrying capacity re¬ 
mains constant regardless of whether the power through the contacts 
is a-c or d-c or regardless of the voltage. Where other lower values 
are given, these have been decreased due to the decreased current 
interrupting capacity of the relay at high voltage and on direct 
current. 

Starting from some known d-c rating, other d-c ratings may be 
estimated with a fair degree of accuracy. If the voltage that a contact 
must interrupt is doubled, its current interrupting capacity is cut 
to about % of its previous value. Conversely, if the voltage that the 
relay contact must interrupt is halved, it will be capable of inter¬ 
rupting approximately three times as much current. In this latter 
case remember that the current carrying capacity of the relay contact 
is indicated by its a-c rating, and must not be exceeded. An example 
of this is Relay Type 8BXX described on Page 325 

This relay has a contact rating of 30 amperes at 115 volts a-c. 
Therefore, the current carrying capacity for any voltage or frequency 
is 30 amperes. The contacts are rated at 4 amperes at 115 volts d-c 
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which indicates that this is the interrupting capacity of the contacts 
under these conditions. At 50 percent of normal voltage, or 57 
volts, this relay could be conservatively rated at 12 amperes. Li the 
voltage is again halved to 28 volts, the contacts would have an inter¬ 
rupting capacity of 36 amperes. This value exceeds the rated carry¬ 
ing capacity, however, and for use in a 28 volt circuit or in any 
circuit of lower voltage, regardless of the interrupting capacity of its 
contacts, it would be rated 30 amperes due to the limits imposed by 

its carrying capacity. 

When the contact rating is extended in the other direction by 
doubling the voltage and taking one third of the current, the point 
will eventually be reached where further current reductions will no 
longer permit corresponding increases in the voltage, i he limiting 
voltage value is not determined entirely by the contacts themselves. 
It is also limited by the associated insulation. Neither continuous 
nor possible transient voltages should be applied to any relay contact 
that may cause insulation failure between the contact and othei 
contacts, or between the contact and ground or coil. 

Very often, published data will apply the same contact ratings to 
a whole group of relays in spite of the fact that the different units in 
this group differ greatly in actual ability to perform specific opera¬ 
tions If each unit is rated on its own merits, it might be necessary 
to secure entirely independent Underwriters’ approval on each 
variation of the fundamental design. Substantial sayings result by 
having complete tests performed in connection with the weakest 
member of the group. Thus, it is obvious that the more capable 
members of the relay series will also be capable of handling the same 

rated load, or better. 

If certain precautions are taken it is possible to operate standaid 
relays immersed in oil. The insulation used on the relays should be ot 
some material that will neither suffer from oil immersion nor will con¬ 
taminate the coil. Rubber is undesirable for the latter reason Many 
relays have a rubber covering on their coil leads, and before im¬ 
mersing them in oil, the rubber should be removed and, if necessary, 
replaced with cambric sleeving. Either originally, or after service, 
most insulating oils develop a free sulphur content that is injurious 
to silver contacts. Copper contacts which are generally unsatis¬ 
factory in air will be found to give quite exceptional performance 
when immersed in oil. Oil immersion is of value in explosive atmos¬ 
phere. Also, it will assist many relays in interrupting larger currents. 
The dampening action of the oil slows down the operation ot the 
relay somewhat and eliminates contact chatter. 

When selecting a relay for oil immersion service, the manufacturer 
should be consulted regarding the absence of any rubber in the 
selected relay if long service without oil contamination is desired. 
Practically all Struthers-Dunn Relays can be supplied in slightly 
modified forms for such service. Many types can be supplied with 
the terminals located at one end of the base so that the terminals 
will be above the oil surface when the relay itself is submerged. 
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Relay Coil Selection 

When it is desired to select a relay coil for operation in series with 
control leads having appreciable resistance, or when such a coil is to 
be supplied from any voltage source that has appreciable resistance, 
it may be necessary to select a coil that will match the line resistance. 
This coil will not receive the full voltage available at the source, but 
will receive the maximum amount of power that the source is capable 
of delivering over the high resistance lines. Whenever a relay must 
be located at a point far removed from the power supply or when, 
for any reason, the resistance in series with it will seriously limit its 
current, the first necessary step is to determine whether or not the 
lines are capable of supplying enough power to operate the relay. 

Where the voltage source has negligible internal resistance, the 
maximum possible power would be transmitted to the relay coil 
when the coil resistance is equal to the resistance of the circuit con¬ 
necting the coil to the power source. When such a relay is selected, 
hall of the voltage will be available to operate the coil and the other 
half will appear as voltage drop in the circuit external to the coil. 

Occasionally, it is desirable to operate a relay coil from a very 
small transformer, such as that type used for bell ringing service. 
These little transformers have high internal resistance, and unless 
the relay coil matches them properly, very little power is available 
for relay operation. When suitable meters are available, it is com¬ 
paratively simple to determine the optimum characteristics of the 
coil. If an ammeter is connected directly across the secondary of 
the transformer, since the impedance of the ammeter is negligible, 
current will flow through the ammeter and will be measured by the 
latter. This current is equal to the voltage generated in the trans¬ 
former divided by the impedance of the transformer. The current 
then to be read on the ammeter is the short circuit current. 

If, instead of the ammeter, a voltmeter is connected across 
the secondary of the transformer, the voltmeter will pass a negligible 
current due to its high resistance and the meter reading will be the 
open circuit voltage generated in the transformer. If we then divide 
the short-circuited current into the open circuit voltage, the result 
will be the internal impedance of the transformer. This, then, is the 
optimum impedance for the relay coil. Such a coil when connected 
to the transformer will have applied to its terminals, a voltage equal 
to one-half of the measured open circuit voltage. Moreover, it will 
pass a current equal to one-half of the measured short circuit current. 
The product of these half values will give the volt-amperes available 
to operate a relay with an ideal coil, and any departure from these 
ideal characteristics will decrease the amount of volt-amperes avail¬ 
able for its operation. The short circuit and open circuit tests just 
described in connection with a small transformer may be used in 
any a-c or d-c application to determine the maximum amount of 
power available for coil operation. 

At times it is necessary to determine the maximum amount of 
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wer that can be supplied to a coil from a potentiometer circuit, 
ich a circuit usually consists of two resistances connected in series 
th each other and the combination connected across the voltage 
pply. The relay coil is then shunted across one of the two resistors. 
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The optimum relay coil resistance in this case is equal to the product 
of the resistances of the two resistors divided by the sum of their 
resistances. For instance, if a 90-ohm resistance and a 10-ohm 
resistance are connected in series across the voltage supply, then a 
9-ohm relay coil if shunted across either one of the two resistors will 
receive more power than would any other coil having either more 
or less resistance. 

When a coil selected by the methods just described does not receive 
enough power for dependable performance, it is useless to try other 
coils having higher or lower resistances, as these coils will receive 
even less power from the circuit. In such a case it is necessary either 
to use a more sensitive relay requiring less power, or to modify 
the circuit by increasing the voltage or decreasing the resistance so 
that more power becomes available. When it is found that the 
optimum relay coil results in excessive power to the relay, then the 
power may be reduced by selecting a coil that has either more or less 
resistance than the optimum value. Usually, in such cases, it is 
desirable to reduce the power lost in the resistors by selecting a coil 
having more than the optimum resistance value. 

In the cases just described, some of the power from the source was 
dissipated in the coil, whereas another portion was dissipated in 
wires or resistances between the power source and the coil. 

An exact amount of power was desired in the coil, but the amount 
of power dissipated external to the coil was of secondary importance. 
In some applications, two or more coils may be connected in series 
with each other and it is then necessary that each of the several 
coils receive the desired amount of power. 

Where all of the coils are identical, the problem is very simple. 
If there are n identical coils, each coil will receive 1/n times the 
line voltage, and the total resistance of the circuit will be n times the 
resistance of any one coil. 

Where the coils are different, the problem is more complicated. 
When the coils operate in a direct current circuit, it is first necessary 
to determine the wattage required by each of the several coils. If 
these wattages are totalled, and the total is divided by the voltage 
of the power supply, the current that will flow through the entire 
series is determined. The proper resistance for each coil will then 
be equal to the wattage required by the particular coil divided by 
the square of the current. 

Since the resistance determined in this manner is usually some odd 
value that does not correspond exactly to the resistance values 
available in standard stock coils, it is usually necessary after finding 
the ideal value to substitute actual available values and then to 
recheck the circuit to make sure that each relay coil will receive a 
sufficient amount of power to assure satisfactory operation. 

In circuits such as those shown in Figs. 89 and 90, it is frequently 
necessary to operate the coil of a small relay in series with the coil 
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of a large relay. If these two coils require 6 watts and 10 watts 
respectively, the total wattage is 16 watts. If they are to be connected 
across a 125 volt line, the current required by the combination is 
0 128 amperes. The optimum resistance of the smaller coil will be o 
divided by 0.128 2 or 367 ohms. In any series circuit such as this, it 
should be remembered that the same identical current value flows 
through each of the two coils and that the sum of the voltages across 

the coils equals the line voltage. 

Where the large coil is used in series with the small coil, it is 
usually possible to use a higher density of current flow in the sma 
coil than in the large one due to the fact that no turns in the small 
coil are so deeply imbedded as those in the large coil. Therefore the 
small coil suffers less from possible hot spots. As a result, the 
smaller coil will usually employ one size finer wire than the larger 
coil in order to carry the same current. This fact provides a method 
of checking the accuracy of the previous computations. 

In all computations involving coils, it must be remembered that 
the coils are wound to a resistance tolerance of plus or minus 7/2 
percent. Therefore any minor factors having a smaller effect on the 
operation may be ignored except in critical cases. 

When two or more a-c coils are to be operated in series, the compu¬ 
tations will be greatly simplified by ignoring a number of minor 
factors that are not of great importance. 

There are several approaches to an approximation ol the necessary 
coil characteristics. As in the case of d-c coils, if n identical coils are 
to be connected in series across the power supply, it is merely neces 
sary to select coils that are intended for operation on 1 /n times the line 

voltage. 

With some types of relays, when so connected, some difficulties 
may be encountered due to the fact that the relays will tend to 
draw an inrush with their armatures open. However, when the 
armatures close, their reactance will increase and the current tinough 
the coils will drop off sharply. If the individual relays are adjusted so 
that they require this large initial inrush current in order to close the 
armatures, it is possible that one of the several series relays will close 

before the others. 

These closed relays will have such a high reactance that this 
will reduce the inrush available to close the other relays before they 
have had a chance to close. Relays used in this service should 
therefore be adjusted so that they will close their armatures with 
a lower value of inrush than that ordinarily available when they 

are connected directly across the line. 

Where two or more dissimilar relays are to have their coils con¬ 
nected in series across the line, one of the easiest approaches to the 
problem involves reference to the published data concerning the 
available coils in the two different relays. At random, select from 
the data on each of the various sizes of coils, one from each such list 
which operates on the same holding current. If these two coils are 
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connected in series across some voltage they would, of course, pass 

the same current. Each of these coils has a nominal voltage for 

shunt operation and the sum of these individual nominal voltages is 

the total voltage that should be applied to this arbitrarily selected 
group lor series operation. 

. is unlikely that this sum will be the actual voltage on which 
it is desirable to operate the relays. This voltage sum, if divided 
into the desired total voltage, gives us a correction factor. This 
correction factor should then be referred back to the manufacturer’s 
published data. Ihe number of turns in each of the arbitrarily 
selected coils should be multiplied by this factor in order to determine 
the number of turns of wire that the proper coils should have 



AC COILS IN SERIES 

Ri/R* , Rs, = INDIVIDUAL RESISTANCES 
Xi,Xt # Xs, = INDIVIDUAL REACTANCES 
Z\,lz, Z3, = INDIVIDUAL IMPEDANCES 


RESISTANCE 


Rt= TOTAL 

Xt= TOTAL REACTANCE 
Zt= TOTAL IMPEDANCE 


Zi* _ 


Ri 


2 t^(Xi+X 2 +X3) 2 + (R 1 + R 2 + flj)* 


CURRENT THROUGH ALL COILS 

1 = 1 ? 

WHERE E IS VOLTAGE APPLIED TO 

COMBINATION 


Fig. 18. Series Impedance Diagram 


As in the previous case involving d-c coils, it is unlikely that coils 
will be available with the ideal number of turns determined by this 
method. It is therefore necessary to manipulate the figures somewhat 
m order to arrive at the best stock coils for the application. If a stock 
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(•oil is available having a number of turns closely approximating 
(hose determined it may be substituted without further work. If it 
is necessary to depart widely from the computed figures, it is desirable 
l,o select coils having the same wire gauge if the coils have approx¬ 
imately the same size, or to select one size finer wire for the smaller 
(•oil where there is an appreciable difference in outside dimensions. 

Where it is necessary to depart widely from the computed values, it 
may be necessary to compute the actual current that will flow through 
the combination, and to make sure that this current is ample to provide 
satisfactory operation, but insufficient to cause overheating. This 
investigation must be done independently for each of the series coils. 

The current through the combination is determined by construct¬ 
ing triangles such as the one shown in Fig. 290 for each of the coils. 
Since no resistors are involved, these triangles will take the form 
shown in Fig. 18. Triangles in this figure are shown for three coils, 
but it can be abbreviated or extended to cover any number. All 
of the information for the small triangles is regularly given in 
I,he manufacturer’s published data, and when these triangles are 
drawn the total impedance is determined in the manner indicated. 
The current that will flow through such a series combination will 
equal the line voltage applied to the combination divided by the 
total impedance Zt. 
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Mechanical Latch-in Electrical Reset Relays 

Mechanical latch-in electrical reset relays may be roughly divided 
into two groups consisting of symmetrical and non-symmetrical 
types. These employ a very simple mechanism in the form of 
a stepped recess on an extension to the armatures. The two arma¬ 
tures and their extensions are identical, and they are mechanically 
interconnected as shown in Figs. 19, 20, 21. In Fig. 19 the left 
hand coil was energized and pulled down the corresponding armature 
when the right hand coil was deenergized. The right hand armature, 
therefore, opened under the action of the spring illustrated, and the 
extension of the right hand armature hooked under the extension 
on the left hand armature so as to hold the left hand armature closed. 
The two armatures will remain in the position shown in A as long 
as the right hand coil is deenergized—whether or not the left hand 
coil is energized. 



Fig. 19. Symmetrical Latch Mechanism in Position One 


When the right hand coil is energized, the right hand armature and 
armature extension will move in the direction indicated by the arrows 
in Fig. 19. This will cause the two armatures and their extensions 
to assume the position shown in Fig. 20. Here the mechanical latch is 
entirely disconnected, and either armature is free to open if the 
corresponding coil is deenergized. Since this last position was as¬ 
sumed due to application of power to the right hand armature, it 
will usually be held closed for some brief duration. In the majority 
of cases the left hand coil will be deenergized at this time, thus 
permitting the left hand armature to open and assume the position 
shown in Fig. 21. 

The two armatures and their extensions will then remain in this 
position until such time as the left hand coil is energized when the 
left hand armature and its extension will move in the direction 
indicated by arrows on Fig. 21 to release the right hand armature. 
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Fig. 20. Symmetrical Latch Mechanism in Position Two 


It should be noted that a magnetic structure of this ^ ay f 

the two identical armatures. For at least one b " ef ' ns l ant 

the transfer from the position shown in Fig. 19 to the position 

shown in Fig. 21 both armatures must close in order to disengage 

the interlock on the armature extensions. In some cases where one 

ormom contacts are carried by each of the — 

he taken of this mid-position as shown in Fig. 20 in order to secure 

very definite make-before-break or break-before-make characteristics. 



Fig. 21. Symmetrical Latch Mechanism in Position Three 


In other cases where at least one contact is carried by'eacharma¬ 
ture, the control circuit may be so arranged that, under certain 

r ne the ;ela°y contacts may be considered to have three positions 
corresponding to the armature positions in higs. 1.1, ZU, zi. 
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Where a mechanical latch-in electrical reset relay is transferred 
from one position to the other by means of impulses to a single coil, 
1 1 is necessary in most cases to provide auxiliary contacts to complete 
a coil circuit at the proper instant. Usually the coil circuit connects 
t o three terminals. One of these terminals is connected solidly to the 
coil at all times. The other end of the coil is tied to one or the other 
of the two remaining terminals depending on the position of the relay. 
When it is desired to transfer the relay in one direction an impulse is 
fed into one of these terminals from whence it passes through the 
auxiliary contact to the coil. 

The moving part of the relay starts to transfer in the desired 
direction but, when the travel is partially completed, the auxiliary 
contact transfers one end of the coil from the terminal that is carrying 
the impulse to a third terminal which will eventually receive an 
impulse when the relay is to be returned to its original position. 
From the instant this transfer is made, the moving parts of the relay 
must continue to travel as a result of the inertia stored in them 
during the first portion of the operating cycle. A similar sequence of 
events occurs in restoring the relay to its original position. 

A two-coil mechanical latch-in electrical reset relay does not 
necessarily have auxiliary contacts. When auxiliary contacts are 
used however, these can be arranged so that they do not open a coil 
circuit until the armature controlled by the coil has completed its 
(ravel. In both the symmetrical and the non-symmetrical types 
illustrated it will be noted that each of the armatures close all of the 
way before the engaging armature starts to open. It is, therefore, 
standard practice where auxiliary contacts are required, to mount 
these contacts so that they break one coil circuit but are opened by 
the opening of the other armature. As a result, each coil is fully 
energized until its corresponding armature has been pulled all of the 
way home and the other armature has operated to latch mechanically 
the attracted armature in the closed position. 
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Overload Relay Circuits 

various types are regularly employed to protect generating 
equipment, transmission lines, and loads against damage that maj 
be caused by severe overloads. Where the carrying and interrupting! 
capacity is within the rating of relays, one or more rela\ r s may 
accomplish such tasks unaided. Where steady or transient load 
conditions are beyond the capacity of relays to handle directlv how¬ 
ever, the relays may act as pilots to control the operation of’larger 
circuit breakers. 

In general, circuits that are protected by overload devices carry] 
substantial normal currents, and the pilot relays must not cause! 
tripping due to the flow of normal currents. In some circuits anvl 
current above the normal value will indicate the presence of trouble I 
and for such applications the pilot relays should immediately operate! 
to interrupt the circuit as soon as abnormal currents start to flow. I 

In other instances, particularly where it is desired merely toj 
protect the generating equipment and transmission lines, ratherl 
than one specific load, an abnormal current can safely be supplied! 
lor brief intervals. For such applications it is customary to employ I 
an overload relay that incorporates a time delay feature. The dura-1 
tion of the delay may be constant or it may be variable. Most! 
overload relays incorporating variable delay are known as inverse! 
time delay relays. Such units will operate with an extended delay | 
when the current through them is slightly more than normal but! 
on heavier overloads, the delay time is reduced. ’ I 

In general, overload relays that provide delayed operation on ] 

moderate overloads should perform instantaneously on extremely I 
severe overloads. I 

Usually the current value necessary to trip an overload relay is I 
quite appreciably larger than the normal current of the line which | 
the relay coil must pass continuously without tripping. In all cases I 
where overload relays are being specified, the maximum current | 
which the relay coil may be called upon to carry for extended periods I 
without tripping should be specified. It is also necessary to specify | 
the minimum overload current that must cause instantaneous trip- | 
ping. \\ here a time delay is involved, it is also necessary to specify I 
the minimum overload current that will cause eventual tripping. ‘ I 

I ig. 108 illustrates a simple combination that incorporates I 
inverse time delay tripping together with instantaneous operation on 
severe overloads. I 

In addition to tripping, an overload relay must in some manner I 
be reset to its original position. If the overload relay in tripping I 
interrupts the overload current that caused it to trip, it cannot be | 
made self-restoring when the overload has subsided. If an attempt I 
is made to do this, the relay will chatter. An overload relay may be I 
self-restoring if its function is merely to operate a warning signal I 
when an overload occurs, or if its contacts operate some auxiliary | 
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relay that interrupts the load and does not reestablish the load 
when the pilot relay is restored. 

In other words, the contacts of the overload relay may interrupt 
I he current through its own coil directly or indirectly through some 
auxiliary relay, of in other cases the operation of the contacts may 

have no effect on the coil current. 

The majority of relays, if adjusted to close their armature on one 
current viluef require that the coil current be decreased very 
appreciably before the armature will automatically reopen. 

In most cases where an overload relay cannot be ebe'uit 

is Xstrated in Fig 150 which shows a circuit wherein auxiliary 
enuinment is provfded to reclose a circuit breaker automatically 
when it is tripped open. Provisions are made for a definite number of 
Mutomatic reclosures within a specific time limit. If, on any ot uk . 3 

‘automatic reclosures, the circuit remains geofany 

future trouble. If, on the other hand, the overload relay trips after 
, he last automatic reclosure thereby indicating severe and permanent 
trouble, the reclosing device locks out the circuit until manually 

restored. 

Where no time delay features are required, almost any one of the 
Series 5 or 51 relays as described in Chapter 4 may be used ^ 
overload relay. In general when so-used, the trip coil of these relays is 
connected in series with the main contacts so that when they trip 
open both the load and the trip coil circuit are immediately de¬ 
of power to the lower or closing coil. A modification of these relay., 
Type A55HXX is also illustrated. This relay incorporates a very brief 

instantaneous. It is also .adjustable as to pipping ] ien 

continuous carrying capacity of the trip coil is not increased when 

the unit is readjusted to trip at higher current values. 

Although the relays described in the previous paragraph are 

buttons to permit manual reclosure either instead of coils or in add 
tion to the coils. 

Most types of overload relays can be supplied with small flags to 
indicate whether or not they have been tripped since their las 
reinsure In general, the relays are less expensive and a more con 
veMent layoutTan be secured if the relays are provided with auxiliary 

gZped so that the position of a large number of relays can be de¬ 
termined at a glance. 
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Open view of Andrus-Coon control panel for automatic cycling 
of hydraulic presses. Type 214XBX48P relays are used. 
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TIMERS 

Although no relays are absolutely instantaneous in operation the 
majority of applications employ units that are so fast that their time 
of operation may be ignored. There are many cases where it is neces¬ 
sary to incorporate an intentional delay in the operation of a relay. 
This delay may range from a few milliseconds more than the normal 
operating time of the relay, up to minutes, hours, or even weeks. 

There are a great many methods employed to secure delayed 
action and the choice for any particular application will depend upon 
a variety of factors all of which should be considered. 

The operation of the timer may be initiated by any of the con¬ 
trolling contacts as listed in Table 3 on Page 38. These controlling 
contacts may differ in current carrying capacity or voltage rating. 
They may vary in their normal position as to whether normally- 
open, normally-closed, or double-throw. They may vary as to 
whether they make and break in a positive manner, or as to whether 
or not they may chatter. 

Other considerations involve the degree of accuracy required in 
the time delay, whether or not the time element must be adjustable, 
and the nature of the power supply. In some cases the delay must 
occur during a period when no power is available for operating the 
delay mechanism, and in such cases the mechanism must operate on 
energy that has been stored in it while power was available from the 

supply lines. 

Cost is almost always a consideration, and there is a tendency for 
a unit that meets the most exacting requirements to carry a higher 
price. However, a careful consideration of all the factors involved 
“Will always provide the least expensive unit that will meet fully all 
the requirements of the particular application involved. 

There is an almost infinite number of possible combinations and 
it is hopeless to attempt to describe each of them. Thus we will limit 
the following discussion to a description of the fundamental require¬ 
ments and a few of the unusual as well as usual combinations. 

Methods of Securing Delay 

On applications where it can be used advantageously, a motor 
driven timer usually provides the most flexible setup due to the 
fact that ample power is available to drive the mechanism, and, 
where a synchronous motor can be used, this gives a consistent speed 
of operation regardless of line voltage fluctuations which tend to cause 
variations in the speed of timers operated by other means. Non- 
synchronous a-c motors are used at times due to the fact that they 
usually have somewhat better starting torque. Also, in some applica¬ 
tions where the motor must be spun backwards by a spring in order 
to return it to its starting position, the non-synchronous motor, since 
it usually employs no permanent magnets such as are commonly 
used on synchronous motors, can more easily be operated by com¬ 
paratively weak springs. 
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For use in d-c applications, d-c motor drives are frequently 
employed. Where the motor operates only during relatively brief 
delay intervals which in turn constitute only an insignificant fraction 
of the expected life of the device, brush wear will be negligible, and 
the service rendered by a d-c motor will be comparable to that of a, 
synchronous motor. Occasionally, motor driven timers are designed 
to permit their motois to run continuously, but this practice should 
be avoided when d-c motors are used. 

For use on direct current where only brief delays are required, 
it is possible to employ a condenser to delay the action of a relay 
that contains no intentional built-in delay. In order to avoid the 
use of extremely large condensers, the relay should have a fairly 
high degree of sensitivity. The d-c operating voltage should be as 
high as possible, both to limit the capacity of the condenser required 
to store the required charge, and also to permit the use of a relay 
with a coil of fairly high resistance that will draw a smaller current 

at the higher voltage. 

Special care should be taken in laying out the coil circuit of a relay 
that is to be delayed by means of a condenser to eliminate any 
possible alternate paths through which the current might flow to or 
from the condenser without passing through the relay coil. The actual 
delay that can be secured with a condenser is affected by many 
factors. Among these factors are: line voltage; the capacity of the 
condenser; the resistance and inductance of the relay coil; and the 
number of ampere-turns required to operate the relay. With a 
sensitive relay such as that shown in Chapter 4, Page 452, the factor 
of ampere-turns required for operation is subject to adjustment over 

a wide range. 

Under most conditions, heavier relays can be delayed for only an 
extremely small fraction of a second by this means, and they are 
usually difficult to adjust in order to vary the delay. Examples of 
capacity type delay circuits are shown in Figs. 150, 157, 158, on 
pages 258-259. 

The so-called ring or slug retard consists of a heavy copper 
toroid which constitutes a low-resistance short-circuited turn around 
the relay core. Usually, in order to secure an appreciable delay, 
either the frame of the relay must be oversize to accommodate the 
slug, or the portion of the winding space available for the operating 
coil must be greatly reduced in order to afford space for the slug. 
Slugs may only be used for d-c operation. Where the relay coil 
operates on alternating current, there would be a tremendous 
transfer of energy from the coil to the slug which would act as a 
short circuited secondary on a transformer. Even if this fact is 
ignored as it might be on applications where the relay is only ener¬ 
gized for extremely brief intervals, the performance of the slug 
would be erratic when operating on an a-c relay. This is so because it 
would merely act to delay the decay of flux—and the flux through the 
magnetic parts of an a-c relay varies continuously depending on the 
instantaneous value of the current flowing through the operating coil. 
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to sacrifice some of their sensitivity, as much as % of their coil 

winding space can be devoted to a slug, and a very satisfactory^ 

operating coil can be provided in the remaining % of the coil winding 
space. 

A type of delay that may be applied to either a-c or d-c relays 
consists of a more or less standard unit with weights added to increase 
the inertia of the moving parts, and therefore to increase the opera-; 
ting time of the device. Frequently, in addition to adding weights to 
the armature, the travel of the armature is also increased in order to 
further prolong the delay. Standard relays such as the BPW series, 
described on Page 362, Chapter 4 will afford delays up to as much as 
0.1 seconds. By varying the contact arrangement a variety of 
definite sequences of operation can be secured. The most common 
arrangements are shown on Page 254, Fig. 154. | 

Where slightly longer delays are required or where shock or vibra¬ 
tion or changing positions might affect the operation of the weighted 
standard relay, an extremely satisfactory delay of this nature can be 
secured by extending the same principle to cover a relay in which the 
armature is coupled to a flywheel in such a way that the flywheel 
must be rotated forward and backward as the armature closes and 
opens. It is not recommended that these relays be employed in 
conjunction with controlling contacts that chatter. They are de¬ 
signed to operate upward of a million times during their useful life, 
but a million operations may occur in a very few months if a relay 
is controlled by chattering contacts. 

Relays of this type employing either the weighted armature or 
flywheel are particularly suitable for transmitting short impulses of 
the type required to fire guns, to trip circuit breakers or other relays, 
or to operate a single stroke gong. Since they positively limit the 
duration of such an impulse, they can be used to supply perhaps as 
much as hundreds of watts briefly to some load that would be capable 
of dissipating very few watts continuously. Conversely, instead of 
transmitting a brief impulse, they may be used to interrupt a 
normally-closed circuit for a very brief interval. When used in this 
way they find many applications in connection with tripping out 
electrically held contactors or relays, or for interrupting the power 
supply to thyratrons to restore them to the non-conductive condition. 

Both weighted and flywheel relays pick up more rapidly on high 
voltage than they do on low voltage. W T here they are used to transmit 
an impulse, the impulse will be longer than normal when the opera¬ 
ting voltage is low and will be shorter than normal when the operating 
voltage is excessive. This may be a very desirable characteristic in 
cases where they are used to transmit an impulse to some electro¬ 
magnetic device such as a solenoid. Such a device will operate more 
sluggishly at low voltage and will require a longer impulse for its 
operation; whereas, on overvoltage, a solenoid will operate more 
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rapidly and would, therefore, only require an extremely brief irnpulse. 
There is usually some quite low value of voltage on which the relay 
will fail to operate, and for use in applications where the voltage 
varies between wide limits, care should be taken to design the 
circuit so that the relay will fail ‘ safe . By failing safe is meant 
that, in case of non-operation, the relay contacts remain either open 
or closed as may be most desirable for the particular application 

involved. 

Where the relay is used to transmit a brief impulse to prevent 
burning out the load, the circuit should be so-arranged that, on 
extreme undervoltage, the load, instead of receiving an impulse 
receives continuous power, as an undervoltage condition that^s 
severe as to cause failure of the impulse will probably also be low 

enough to prevent burning out the load. 

Two conditions occasionally encountered in timer applications 
present problems that sometimes call for a mechanism such as an 
escapement or a dash pot. Such devices operate at a speed tha 
is independent of the applied voltage. When operated by a spring 
or bv a raised weight they can function when no electric power is 
available with which to operate motors or solenoid operated devices. 

For instance, if it is desirable to have a motor continue to run when 
the power supply has been interrupted for a periodLot one second, 
but to have the motor stop and require manual restarting if the power 
supply has been interrupted more than one second, it becomes 
necessary to have some means of measuring this second and the 
means must operate during the power interruption. 

If there is an alternate source of power available during the one- 
second period that must be measured, there are a wide variety of 
methods which may be used to measure the second. Where there is 
no other source of power, however, it is necessary to store the energy 
required to run the timing mechanism until such time as the power 
fails and the timing function must be performed. 1 his power is 
usually taken from the line by a solenoid which raises a weight or 
winds a spring. Such a solenoid usually operates very quickly in 
something like l/50th of a second. During this l/50th of a second 
it must store in the spring or in the weight enough energy to operate 
the escapement or dash pot for a much longer interval. 

For this reason it can be seen that the power consumed by the 
retarding mechanism should be quite small. If it requires, for in¬ 
stance, 2 watts for a period of 5 seconds or a total of 10 watt-seconds 
to operate the retard, then the solenoid which only operates for l/50th 
of a second must store energy in the weight or in the spring at the 
rate of 500 watts for the l/50th of a second during which it is working. 
Any reduction in the power consumed by the retarding device, or 
any reduction in the duration of the delay wil reduce the arbitrary 
figure of 500 watts just mentioned. Conversely, longer delays or a 
high power requirement by the retarding device will tend to increase 

the figure. 
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There are many variations of escapements and dash pots. Verg 
escapements employ no hair spring. They consist of a toothed wheel 
that merely rattles a see-saw mechanism back and forth. The 
have no dead center and are therefore easily started. The speed an 
which verge escapements operate depends upon the resilience and 
the mass of the various parts, as well as on the amount of powe ' 
applied. Arm and lever escapements, on the other hand, operate at 
speed independent of the applied torque. If the teeth in the escap. 
ment wheel are properly formed, they may come to rest on dea, 
center making it necessary to spin the balance wheel in order to ge 
them started. By deforming the shape of the teeth on the escape 
ment wheel somewhat, arm and lever escapements can be made self 

starting and the speed of operation will vary only slightlv as the 
driving torque is varied. ^ 




Common variations of the usual dash pot consist of bellows a„ 
well as inverted cups designed to trap air or other gases over the 
surface of a liquid, usually mercury. Devices of this type may operat 
by permitting the enclosed gas or liquid to escape slowly through a 
small orifice. In some cases the gas is permitted to escape through a 
porous ceramic pellet. Where proper precautions are taken to reduct 
friction to a minimum, all such devices have the advantage of afford 
ing substantial time delays with very limited amounts of energ 
available to operate the device. 

The longest time delays are secured when liquids are employed. 
Liquids have the disadvantage of changing their viscosity with 
temperature, and they may, in some instances, change their nature 
due to age or contamination. Where a gas is used, these troubles are 
eliminated, but the same gas should be retained in the instrument 
for use repeatedly. Otherwise dirt and moisture may be brought in 
from the outside, and the slightest trace of dirt may plug the small 
orifice through which the gas escapes. If there is any leakage to the 
outside air of the gas originally enclosed in a dash pot or bellows type 
unit, it of course becomes inoperative at extremely high altitudes 
where the surrounding air is highly rarefied. 

In one type of unit, two pools of mercury are joined by a small 
orifice through which the mercury flows when the tube is tilted in one 
direction. An alternate path is provided to bypass the orifice when 
the tube is tilted in the other direction. 

An interesting form of liquid filled dash pot consists of a thin 
walled non-magnetic tube which encloses a short plunger made of 
magnetic material. All of the remaining space in the tube is filled 
with oil or other retarding fluid, and a coil surrounding the tube 
draws the plunger from one end to the other. The plunger may be 
returned either by gravity, by a spring, or by a second coil. As : the 
plunger approaches the end of the tube it deforms the magnetic 
field surrounding the coil and permits the operation of an external 
armature. The plunger may be provided with a small valve to 
permit quick return or it may operate slowly in both directions. 
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Thermally-operated delays are used for a very wide variety of 
applications. Practically all of them depend for their operation 
on the differential expansion of two metals. In some cases the two 
pieces of metal have the same coefficient of expansion. Both pieces 
are subjected to ambient temperatures and in addition, one is 
exposed to the heat of a heater element. 

In other cases, bi-metal is employed. Bi-metal, which may be in 
the form of a flat spring, helix, disk, or other shape, consists of two 
dissimilar metals having different coefficients of expansion. When 
such a strip of metal is heated it tends to bend. In ordei to secuie 
compensation for changes in ambient temperatures, it is usually 
necessary to use two more or less identical strips which, with 
changing ambient temperatures, move backward and forward but 
keep the same distance apart. However, when one of the strips is 
heated by a heater element, the ends of the strips carrying the 
contacts will move together or apart as the case may be, making 01 
breaking the contact circuit accordingly. 

Such units are generally affected to a considerable degree in regard 
to timing by variations of voltage applied to the heater unit. They 
must also cool between successive operations if they are to measure 
off the required amount of time with any degree of accuracy. I he 
design of the thermal unit itself will afford compensation tor variation 
in ambient temperature. When the thermal relay is properly com¬ 
bined with auxiliary magnetic relays, the effects of cooling time and 
variations in voltage can largely be eliminated. Such circuits employ 
the heating as well as the cooling time ol the unit to secure the ovei- 
all timing cycle. Since the majority of such a cycle is consumed by 
the cooling period, and since the cooling rate is independent ol the 
applied voltage, over-all accuracies of plus or minus 10 percent or 
better can be attained readily. For an example of such a unit see 

Figs. 51 to 58. 

Timer Controlling Means 

A timer or delayed action relay may be controlled by various types 
of controlling contacts listed in Table 3 on Page 38. M here the 
timer requires for its operation more power than the controlling 
means can handle properly, it is necessary to interpose an instan¬ 
taneous relay having the proper sensitivity and such other requne- 
ments as may be needed to handle the timer as its load, borne types 
of timers, particularly those employing thermal units or those 
employing small motors without clutches, will operate very nicely 
from controlling instruments that have chattering contacts. 

Where for any reason, it has been necessary to interpose an 
auxiliary’ relay between such a timer and the chattering contact 
that controls it, care should be taken to select an auxiliary relay 
that will stand up under the abuse of following the chattering con¬ 
tact. Where possible, of course, chattering is always corrected at 
or near its source, but where lock-up circuits cannot be applied, a 
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tntJrffh .* ma y Prove desirable to have the timer operate on the 
totai of the several impulses received. Again, it may prove desirable 
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T In t , othe J. cases timers are designed to prolong very brief immilses 
^& are deslgn ? d t0 operate their contacts after a delay that 

b® apphecI to the delay relay. Under such circumstances some tvnes 
of timers become erratic when supplied with a shorter impulseYhln 
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Timer Contacts 

When power is first applied to the control circuit of a timer the 
contacts may remain in their initial position until the expiration efl 

tacts * wfi 1 * nlr V <l f . or ,V hlch the device is set. At this time the con¬ 
tacts will move into the operated position where they remain until 

th^wifl remov f d from the timer control circuit, f oh owing which 
they will immediately return to their initial position. Conversely 

t e contacts may move to the operated position immediately upon 

po\ver being applied to the control circuit. They then remain in this 

position all of the time the control circuit is energized, and continue 

the contacts will not move from the normal position to the operated 
positmn until the elapse of the desired time interval after the applica¬ 
tion of power, and a similar or a different interval may elapseafter 

to theif SrpoitZ, COil CirCUit Until the ° 0ntacts again return j 

contacTs er ^v y nr a In no f rmaU r pen - normal ly-closed or double-throw 

graph. In addition to timed contacts, the timer may have some main I 
to the 1 confrol ) p- aCt ®f Whl ^ h ° + perate instan tly when power is applied 

listed for convenience in the following table. YP 

van n etv d ofno^ill the f , oregoing - there are an almost infinite 

Jppl “dto its control 188 ^ e t t0 f deSign a tir ? er 80 that ’ wh en power is I 
pplied to its control circuit for an extended period, it will delay for 
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TABLE 5 

POPULAR TIMING CYCLES 

| i ■ 




Normal 
Position 
of Contact 

When Power 
is Applied 
to Coil 

When Power 
is Removed 
from Coil 

• 

fH 1 

NO 

Closes after delay 

Reopens immediately 


% 2 

NO 

Closes immediately 

Reopens after delay 


% 3 

NC 

Opens after delay 

Recloses immediately 


% 4 

NC 

Opens immediately 

Recloses after delay 

Timed 

% 5 

DT 

Transfers after delay 

Transfers back 
immediately 


a 6 

DT 

T ransfers 
immediately 

Transfers back after 
delay 


% 7 

NO 

Closes after delay 

Reopens after delay 


% 8 

NC 

Opens after delay 

Recloses after delay 


# 9 

DT 

Transfers after delay 

Transfers back after 
delay 


f #10 

NO 

Closes immediately 

Reopens immediately 

Immediate 

#11 

NC 

Opens immediately 

Recloses immediately 


( #12 

DT 

T ransfers 
immediately 

Transfers back 
immediately 


one minute, then close the contact and next, two minutes later, 
reopen this same contact and maintain it open thereafter. This would 
be equivalent to connecting a contact that closes after a delay of one 
minute (#1) in series with a contact that opens after a delay of three 
minutes (#3). Almost any two of the several basic contact combina¬ 
tions can be similarly combined in order to secure new and more 
complex functions. 

The basic list of functions just enumerated does not include an 
important branch generally described as repeating timers. Such 
timers do not fit into the previous grouping. In their common form 
they consist of a motor solidly connected through a gearing to a cam 
that operates a contact, or, in some cases, the motor may drive a 
commutator which will, during a revolution, energize a plurality 
of circuits more or less briefly. In the case of the cam unit, the cam 
may be adjustable in shape permitting the relative on-and-off time 
of the contact to be varied. The cam may have several lobes or 
segments. The lobes may be regularly or irregularly spaced, and 
may be regular or irregular in size in order to send impulses of the 
desired duration at desired intervals. Any variety of cam such as 
this is usually termed a coded cam. Repeating timers utilizing such a 
mechanism may be used alone or with auxiliary relays to permit them 
to carry larger loads, or they may be interconnected in various ways 
with magnetic relays in order to duplicate in an extremely satis¬ 
factory manner any of the functions or any combination of functions 
described in Table 5. (See Fig. 151.) 
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Contact Ratings 

In a few instances, similar timers are available in different si 7 oh 
rnrrpnT Y P ™ vlde contacts havin g sufficient insulation and sufficient 

able to employ an auxiliary relay interposed between the timer and I 
•ts load. In most instances, a timer costs more per pound than an 

ffenerflllv ? Yi C ^ se Q ue ntly, a small timer with a large relay will 
generally cost less than a large timer. Particularly where the loads! 

e very heavy it is advantageous to have the contacts of an in 

usefffi S m e f G ay ! 1 , andle the heay y load in order to secure a maximum 
useful hie from the more expensive timer. 

Duration of Delay 

Very brief delays in the order of one-half second or less mav be 
secured by means of an inertia or flywheel relay see Fie i 54 
or by means of a hot wire thermal relay (Chapter 4)’ The foreeoi'ne 

d^ect current e The SU h t t bl ® f ° r , 0pel ' ation 011 either alternating or 
uirect euirent, ihe hot wire relay in particular is somewhat more 

the Vement f° °P era te on alternating than on direct current Where 

or slug timers is permissible. Both of these units give lo.ilei Ind 
time ‘ It y m! l "jf • to '''“'‘W / 11 the armature opening 

timers give excellent results in such applications but tend to be I 

?r il roq ?r an «««<= antul I 

to rotate a cam lapidly enough to measure a fraction of a second 1 
thelnfe timer! * Ta °°" t ° f th ° «*otor incre^lhe cos°tof 

fr»r'hmh\iXee'^Vr K i f mportan . t a condenser timer is recommended 

alternating current. For longer time intervals neither the slusr nor 
condenser type should be considered. When operating on the 

for deWs n from y on U P P to 0 th ne “ 00nd ; I Th u° hot wire UIlit is satisfactor^ 

heating and cooling cycle. For intervals from three seconds u„ 
to a minute thermal relays with separate heater elements are 
satisfactory for operation on their heating cycle alone When 
operated on their combined heating and cooling cycle such units can 

be supphed to coyer any small part of the range from a minimum of 
five or ten seconds up to several minutes. 

da^h nntl “hi!? rangC ° f several seconds to several minutes various 

this field, the motor driven unit, particularly when driven by a 
synchronous motor may also be considered the standard of excellence 
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|,y which other types are judged. For this range of timing, standard, 
low torque, clock type motors may be used, with the result that it is 
unnecessary to pay any large premium for the benefits of motor 
operation. 

It is impossible to get the full benefits of motor operation unless 
there is power available at all times when the motor must run. Where 
the timer must store power when there is.power available to use for 
measuring a time interval when no power is available, a motor can 
|>e used to wind a spring when it operates as a motor, and then the 
I spring will rotate the motor backwards when power is removed from 
the motor. In this case the motor is acting as an escapement during 
the latter period. However, certain difficulties are encountered in 
securing extremely uniform operation that is not affected by tempera¬ 
ture, age and various other factors. 

Adjustability 

The majority of timers are subject to some error in timing. This 
error is usually some definite percentage of the maximum time 
setting. In the case of a synchronous motor driven timer, this possible 
percentage of error may be plus or minus 1 % and will be accounted 
for by variations in line frequency, back lash in the gears, and minute 
irregularities in the functioning of clutches, or other auxiliary 
equipment. It is common for such a timer to be adjustable over a 
20-to-l range. If the maximum time setting is 100 seconds, then the 
error at any setting will be 1% of 100 seconds or one second. When 
such a timer is readjusted for operation at its minimum time setting 
of 5 seconds, this possible error of plus or minus one second will 
result in a delay interval of 4 seconds minimum to 6 seconds maxi¬ 
mum. This is plus or minus 20 percent of 5 seconds lor which the 
timer is set to operate. Such a timer could be set to operate at one 
second and, in this case, with the same one second error the timer 
might operate instantly. 

From the foregoing it can be seen that it is unwise to specify a 
timer to operate from 5 to 100 seconds if it is actually to be used for 
5 seconds. Frequently a very wide range is requested because the 
user does not have much idea just what timing will be necessary in 
order to secure the desired results. Every effort should be made to 
secure the best possible estimate of time in such cases and, if neces¬ 
sary, the timer should be rebuilt or replaced if the original time 
estimate has proved wrong and if accurate performance is desired. 
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Special Cases 

Most types of timers are designed to operate when their eontrnl 

=SA= SttSSSti, S. ESA! 

withp "®?" ,h>t ii »Ss 

Cl ° Sed - This in turn applies continuous power to the 

its program. may ° F may ROt unIock the rela y when it has completed 

One simple variety of such timers may be classed as extending 
timers. When energized by a brief pulse of current these units will 
operate their contacts for some definite longer interval and at 7hi 

tStoaS? ,et »' n <• 

“ if^ng timer!" A 

piiit p "t«li“d„'S;roi“Si s" b -ws 

reqU f' U f er r, plr ! yc<l ln connection with 24-hour time clocks 

rtdn“h duration which would be excessive for heTurpose of 

fir P J°£s £ 

feXu^S° n ° f the bellS 

the]^ 

fan r ™e P te e 

Fig 167. me 7 ° ng lmpU Se> WlH llmit {t t0 the desired duration. See 
con tads ol'contm Vw em P loyed in connection with chattering 

Other timers may start to function on the first brief impulse and 
continue through their cycle whether or not their controlling circuit 
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is continuously or intermittently energized. Still another form of 
timer which lies midway between the two just described has been 
particularly developed for use with chattering contacts. 1 he con¬ 
trolling instrument must close its contacts for some time or must 
chatter repeatedly in order to make the timer function. 

However, at some point in the cycle, the timer will take control of 
the instrument and shunt the instrument contacts so that once this 
critical point of the cycle is reached the timer will operate regardless 
of the position of the instrument contacts. The timer contacts will 
then remain closed solidly for a brief interval after which control will 
be returned to the instrument. 

If the instrument contacts are solidly closed the timer contacts will 
remain closed, but at the first sign of chatter in the instrument con¬ 
tacts the timer contacts will reopen and the device will be ready to 
repeat its cycle. See Fig. 91 on Page 162. 

Very frequently it is possible to accomplish somewhat unusual 
results by reversing the operation of a common timer, h or instance 
the combination described under #3 in Table 5 on Page 73 has nor¬ 
mally-closed contacts that open after a delay when power is applied 
and reclose immediately when power is removed. This relay is 
frequently used in connection with motor generators supplying direct 
current for operating elevators or for use in controlling compressor 

drives. 

When so used the control circuit is more or less continuously 
energized. In the elevator application, for instance, every time a car 
is started the power to the timer control circuit is momentarily 
interrupted. This causes the timer to close its contacts and start the 
motor generator. Subsequent operation of the elevador will cause 
subsequent openings of the timer control circuit, hach time this 
control circuit is opened, the timer will reset to its starting point. If 
at any time no elevator operates for several minutes the timer will 
be able to complete its cycle and to open its contacts. This will 
prevent the motor generator from operating idle for extended periods. 
Similarly, the various other timer combinations listed in Table 5 
may start their function by removing the power from the coil and 
may complete their function when power is again applied. 

In all cases it should be remembered that the normal position of the 
contacts is defined as the position assumed ultimately by the 
contacts when no power is applied to the control circuit. Hven if the 
control circuit of the timer is energized continuously for years on 
end, the position of the contacts during this time is not the normal 
position although it may be the usual position. 
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Frame Number Code 

Relay operating mechanisms may range from extremely small 
units wherein compactness is the first consideration, to extremell 
large units designed to operate simultaneously a number of contacts 
with heavy contact pressure. These magnetic structures may have 
any one of various types of hinges best suited to particular applica- 
tions. they may provide a large iron cross section in connection 
w!th a relatively small window for the coil while, in other cases the 
coil winding space may be large compared to the iron in the mag¬ 
netic circuit. Some units are designed for resistance to shock or tilt 
and must therefore be balanced. Some, intended for mounting on 
switchboards, require no balancing, while for other types of service 
gravity operation is preferred to the use of restoring springs. 

All of the foregoing conditions lead to a wide variety of magnetic 
structuies and each structure is usually available with a great manv 
contact arrangements, coils, terminal and mounting facilities, etc. 
It is customary among relay manufacturers to manufacture a 
variety of different magnetic structures. The use of any one of these 
results in a relay quite different from the relay that would be obtained 
by the use of another. lor any one magnetic structure, manu¬ 
facturers usually assign a series number, or in some other way 
distinguish the group of relays using this magnetic structure from 
othei groups of relays using different structures. 

Since the magnetic structure is the foundation upon which a relay 
is built the number denoting the structure is commonly employed as 
a prefix of the type designation. H J 

Struthers-Dunn is tooled up for and is producing hundreds of such 

stiuctures. The most popular magnetic structures are listed and 
illustrated on the following pages. 

x I ,rn 1 L S !i Str V the /i S " Dun ?- re ! ay type designations sta rt with a number 
which denotes the particular structure employed by the particular 

relay. 1 his structure number is sometimes called a frame number. 

1 he fiame number is followed by a small group of letters indicating 

the contact arrangement. 1 hese letters, in turn, may be followed bv 

a feature number denoting any unusual characteristics of the 
particular relay involved. 
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frame number code 


TABLE 6 

FRAME NO. CODE 


Small open coil frame, clapper type 


1. Standard midget 

10. Vibration resistance 

11. Midget sequence 

15. Sub-midget 

16. Midget, see-saw armature 

17. Air Corps B2A 

19. Midget, polarized 

Hinge pin frame, clapper type 

2. Standard hairpin spring 

20. Standard, gravity operated 

22. Mercury swing 

23. Small generator cutout 

24. Medium generator cutout 

25. Large generator cutout 

26. Navy type Cl and C2 

27. Vibration proof sequence 

29. Medium sensitive 

Combinations of separate units 

3. Two No. 2 frames 

30. Two No. 8 frames back to back 

31. Two identical No. 1 frames, 

interlocked* 

33. Two identical No. 29 frames, 

interlocked* 

34. Two identical No. 2 frames, 

interlocked* 

35. More than one No. 8 frame, 
uncoupled 

36. Two No. 8 frames, armatures 
coupled** 

38. Two identical No. 8 frames, 

interlocked* 

39. Two No. 4frames, close differential 

Cup enclosed coil type 

4. Standard clapper 

48. Industrial contactor 

49. Close differential 

Double coil type 

5. Standard latch 

50. Small latch, vibration proof 

51. Midget latch 

52. Large mercury swing 

54. Standard latch, d-c or momen¬ 
tary a-c 

55. Overload, dampened type 

56. Overload, instantaneous type 

57. Two No. 1 frames, common 

armature 

58. More than one No. 1 frame, 
uncoupled 

Miscellaneous 

CO. Large U laminated push-pull 
solenoid 

63. Mercury displacement 

64. D-c toggle, plunger type 
69. D-c pin hinge magnet 


Miscellaneous clapper type 

70. Small balanced armature tele¬ 
phone type 

71. Large balanced armature tele¬ 
phone type 

72. Rotating balanced armature tele¬ 
phone type 

77. More than one No. 84 frame, 
uncoupled 

78: Keying speed type 

79. Sensitive-snap action 

Large open frame clapper 
(industrial type) 

8. Power relays 

80. Power relays, extra-long life 

81. Power relays, laminated core 

84. Power relays, see-saw armature 

85. Sequence 

86. Weighted armature 

89. Power relays, pinned hinge 

Laminated frame for a-c use 

90. Double L-shaped laminations 

91. Small U-shaped laminations 

97. Two No. 91 frames, coupled, 
mechanical latch electric reset 

101. NAF-1204-1 

102. NAF-1204-2 

103. NAF-1204-3 

112. Std. sensitive, round core 
119. Small clapper 
126. High pick-up 
149. Close differential a-c 

161. Small d-c power 

162. Large d-c power 

167. Two interlocked 161 

168. Two interlocked 162 
175. Reversing contactor 
180-187. Telephone type 

181. Small pile-up 

182. Large pile-up 
192. Heavy series coil 
200. Multiple contactor 
211. Double action stepper 

214. Very small clapper 

215. Small clapper 

216. Long coil clapper 

218. Heavy duty pile-up 

219. Long life industrial 
251. Latch type 

FC-2. Military 2 pole 
FC-4. Military 4 pole 
FC-6. Military 6 pole 
FC-215. Military heavy load 
PF. Fly wheel delay 


RR-1 A-Dry Reed 1 pole 

RR-2A- 2 poles 

RR-4A- 4 po es 

RR-CA- 6 P° es 

RR-12A- 12 po es 

RR-20A- 20 poles 


♦Interlocked to prevent both closing simultaneously 
♦♦Coupled to close both simultaneously 
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MAGNETIC STRUCTURES 



Fig. 26. Magnetic Structures 


83 





































RELAY ENGINEERING — STRUTHERS-DUNN, 



84 


MAGNETIC STRUCTURES 





































































































RELAY ENGINEERING — STRUTHERS-DUNN, INC 

































































relay engineering — struthers-dunn, 



No. 219 


Fig. 32. Magnetic Structures 
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Fig. 33. Magnetic Structures 
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CONTACT LETTER CODE 


Contact Letter Code 

A relay consists of an electromagnet or similar operating device 
that controls the position of one or more contacts. These contacts 
may be arranged in thousands of different combinations. The mov¬ 
ing contacts usually have two positions. The so-called “normal” 
position is assumed by the contacts when the operating mechanism 
is deenergized. The “operated” position is assumed when the 
operating device is energized. 

In some special cases, the moving contact may float in a neutral 
position under certain conditions and move to one side or the other 
upon application of power to the control circuit. In such units the 
direction in which the moving contact travels is determined by the 
polarity or by other characteristics of the power applied to the 
coil circuit. 

Any moving contact member that may carry one or more contact 
faces which are electrically connected, together with any fixed 
contacts against which it may operate is defined as a pole. Relays 
I, 2, 3, 17, 18 and 19 shown in Figs. 34 and 35, Pages 94 and 95, 
illustrate various single-pole units. 

Every relay controls one or more kinds of poles. These pole types 
are distinguished by their normal position which may be normally- 
open (NO), or normally-closed (NC), or double-throw (DT). Any 
one relay may have one, two or all three of these different kinds of 
poles. A double-throw pole combines the characteristics of a normally- 
open and normally-closed pole. For the purpose of classification, 
however, no part of a double-throw pole should be counted as either 
normally-open or normally-closed. 

A very simple method of giving a complete description of the 
poles carried by a relay results when three letters are used to describe 
the quantity and normal position of the different types. 

Arbitrarily, the first of the three letters denotes normally-open 
poles; the middle letter denotes double-throw poles; and the last 
letter denotes normally-closed poles. The code employed in this book 
has been in use for some time, and it has been found to cover com¬ 
pletely all ordinary cases and to extend to most extraordinary com¬ 
binations. In this code, X denotes zero or no poles. If for any reason 
a complete relay except for having all contacts omitted should be 
required, its poles can be described as XXX. Here, the first X means 
that the unit is without normally-open poles, the middle X denotes 
absence of double-throw poles, and the final X denotes that there are 
no normally-closed poles. 

The letter A denotes one single-break pole. Therefore: 

AXX denotes one pole, single-break, normally-open 
XAX denotes one pole, single-break, double-throw 
XXA denotes one pole, single-break, normally-closed 

These three relays are shown schematically in the illustrations 
1-2-3, Fig. 34, Page 94. 
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TABLE 7 

CONTACT LETTER CODE 


1st Position 
Normally-Open 


2nd Position 
Double-Throw 


3rd Position 
Normally-Closed 


M 

N 

P 

0 


-Zero 

:1 

2 

3 

4 

5 

6 

More 
than 6 J 


1 

2 

3 

More 
than 3 j 


1 

2 

3 

More 
than 3 J 


1 

2 

3 j 
More 
than 3 I 


Single 

Make 

Poles 


Double 

Make 

Poles 


Double 

Make 

Poles 

with 

Pigtails 


Single 

Early 

Make 

Poles 


M 

N 

P 

0 


= Zero 
= 1 
= 2 
= 3 
= 4 
= 5 
= 6 

= More 
than 6 


= 1 

= 2 
= 3 

= More 
than 3 


= 1 
= 2 
= 3 

= More 
than 3 


Single 

Break 

Make 

Poles 


Double 

Break 

Make 

Poles 


Double M 
Break N 
Make P 
Poles with Q 
Pigtails 


R =1 Single 

S =2 Make 

T =3 Break 

U = More Poles 

than 3 

(Make before break) 


= Zero 
= 1 
= 2 
= 3 
= 4 
= 5 
= 6 

= More 
than 6 


= 1 
= 2 
= 3 

= More 
than 3 


= 1 

= 2 
= 3 

= More 
than 3 


= 1 
= 2 
= 3 

= More 
than 3 


Single 

Break 

Poles 


Double 

Break 

Poles 


Double 

Break 

Poles 

with 

Pigtails 


Single 

Late 

Break 

Poles 


The letter B denotes two identical single-break poles and several 
examples are illustrated herewith. (Fig. 34, 4-5-6). 

Similarly C denotes three such poles; D, four; E, five; F, six; and 
the letter G is used to denote any number of similar contacts in 
excess oi six. Many thousands of such combinations can be obtained. 

A number of frequently encountered combinations employing 

mu t h f ee le 1 tters A ’ B > and X folIow - There are 27 of them, of 
which 7 have been mentioned. (Fig. 34, 7 to 16). 

Although for convenience these schematic diagrams have shown 
the normally-open poles, if any, at the top, the double-throw poles, 
it any next and the normally-closed poles, if any, at the bottom, 
the actual relative location in the drawing has no significance. In 
actual relays, the poles are located where they are mechanically 
convenient In a wiring diagram, they should be arranged in that 

j i /** • i i i * complicated appearance to 

the finished diagram. 

Aithough, from a schematic standpoint, there is little need to 
differentiate between a single-break pole and a double-break pole, 
m actual practice one frequently has a decided advantage over the 
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CONTACT LETTER CODE 


oilier and this three letter system will clearly differentiate between 
a single-break and a double-break pole. Letters H equals 1, J equals 
2 , K equals 3, and L equals more than three double-break poles. 

Similarly, it is occasionally necessary to connect three terminals 
together simultaneously by means of a double-break contact with a 
flexible connection to the moving contact member. Letters M 
equals 1, N equals 2, P equals 3, and Q equals more than 3 double¬ 
break poles with pigtails. 

Although double-throw poles when transferring from one limiting 
position to the other usually break the connection on either side 
before making on the other side, they may, with some designs, reverse 
♦ bis procedure and make on one side before breaking from the other. 

I he letter R equals 1, S equals 2, T equals 3, and U equals more 
Ilian 3 double-throw, make-before-break poles. 

Table 7 showing the significance of all the letters used in the 
system is shown on page 92. 
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M XX 
22 



XMX 

23 


XXM 

24 


PXX 

25 


Fig. 35. Contact Letter Codes 
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MMM 

26 
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Feature Number Code 

Usually, a standard type of industrial relay is completely de¬ 
scribed by the initial number identifying the magnetic structure and 
by the following letters which identify the contact combination. In 
many cases, however, relays must be equipped with special terminals, 
special insulation or special contact material; or they must be 
assembled with resistors interconnecting the coil and contact 
circuit; or they may have special auxiliary contacts that are of no 
importance as far as the external circuit is concerned, and which 
therefore do not appear in the regular contact code. I 

In some cases, two or more relays may be interconnected by 
means of mechanical interlocks, or must be provided with any one of 
a variety of manually-operated latches, or they may differ from the 
standard in various special adjustments such as having their con¬ 
tacts close in a specific sequence instead of simultaneously; or possibly 
they may be adjusted for marginal operation so that they will 
operate on one particular current or voltage applied to the operating 
coil and will not operate at a lower level. 1 

Almost any of these special features may be incorporated alone or 
may be combined with any of the other features. When it is con¬ 
sidered that there are eight entirely different types of terminals, 
each available in several different sizes, and that all of the several 
features mentioned are subject to similar diversity, it can readily 
be seen that there are literally millions of possible combinations 
of features alone. I 

In general, these particular feature numbers have the same 
significance when applied to any relay, regardless of the structure 
number and the contact letter group. Larger feature numbers, 
that is, 100 and over, are used to represent combinations of features. 
These larger numbers are assigned to each particular relay and have 
no general significance. In other words, Relay 1HXX is entirely 
different from Relay 8XBX, but Relay 1HXX12 and Relay 8XBX12 
both have eyelet terminals. On the other hand, Relay 1HXX250 j 
might have platinum contacts, switchboard studs, and chromium 
plating, whereas, Relay 8XBX250 might have an entirely different 
combination of features, such as a manual latch to hold the armature 
closed, a blow-out coil on two of its contacts, and switchboard 
mounting studs. The exact meaning of feature numbers that describe • 
unusual combinations of features can only be determined by checking 
with the manufacturer’s records. I 

A list of the most popular feature numbers follows. Where 
auxiliary equipment external to the relay is also required, such as; 
various types of housings, etc., the housing designation should in 
turn follow the feature number. A list of popular housings follows the 
list of feature numbers. These housings are described in greater 
detail in Chapter 6. ] 
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FEATURE NUMBER CODE 


TABLE 8 

COMMON FEATURE NUMBERS 


2. Molded armature block 

3. High current (45 amp.) mercury 

contacts 

4. Nickel plating 

5. Coif term, connected to one fixed 
contact 

6. Blowout coils on all contacts 

7. N.O. auxiliary contact 

10. Switchboard studs 

11. Front terminals on glass covered 

relay 

12. Eyelet terminals 

14. Solder tab terminals on relays 
where they are not standard 
16. Insulated switchboard studs 
18. Disconnect blade terminals 

20. Isolantite insulation 

21. Mycalex insulation 

22. XXX bakelite insulation 

28. Insulated D.B. contact 

29. Sintered contacts 

30. Tungsten contacts 

31. Carbon to Elkonite 

32. Platinum contacts 

33. Split contacts 

35. M" dia. silver contacts 

36. %" dia. silver contacts 

37. W dia. silver contacts 

38. dia. silver contacts 

39. Mercury contacts 

41. Cadmium plating 

42. Dull chrome plating 

43. Polished chrome plating 

45. 50/60 cycle coil rating 

46. Continuous duty coils (latch 

relays) _ . 

47. Table mounting (where not 

standard) 

48. Plug-in terminals 

50. One resistor for 3-wire control 

51. Two large resistors for 3-wire 

control 

52. Two small resistors for 3-wire 
control 

53. Two resistors for 2-wire control 

54. One resistor for 2-wire control 

55. Resistor and condenser for reso¬ 
nant circuit 

56. Condenser for telephone ringing 
circuit 

57. Two resistors for 2-wire control 

58. Resistor and N.C. cont. for coil 
inrush 

59. Two resistors on 2-coil relay-one 
in series with each coil 

60. Polymerized coil 

61. Blowout coil on one front contact 

62. Blowout coil on two front contacts 

63. Blowout coil on one back contact 


64. Blowout coil on two back contacts 

66. Blowout coils on all except one 
front contact 

67. Carbon to silver contact 

68. Permanent magnet blowouts on 
all but one front contact 

69. Permanent magnet blowouts on 
all contacts 

70. SP-DB-NO aux. cont. (HXX) 

71. DP-SB-NO aux. cont. (BXX) 

72. SP-DB-NO aux. cont. (MXX) 

73. 1-NO & 1-NC aux. cont. (AXA) 

74. 1-NO & 1-NC aux. cont. (HXH) 

75. Two auxiliary contacts on two coil 
relays, to break both coil circuits 

76. One auxiliary contact to break top 
coil circuit of two coil relay 

77. One auxiliary contact to break 
lower coil circuit of two coil relay 

78. Two normally-open auxiliary con¬ 
tacts on reversing contactor for 
electric lock-up 

79. Two normally-closed auxiliary 
contacts on reversing contactor for 
electric interlock 

80. Manual latch to hold armature 
closed 

81. Manual latch to hold armature 
open 

82. Manual latch to hold armature 
half open 

83. Manual button to close armature 

84. Manual button to open armature 

85. Armature to close adjacent relay 

86. Armature to be closed by adjacent 

relay . , 

87. Manual latch on housing-mounted 

relay with latch extending through 
cover 

88. Anti-jackpot latch construction 

89. Manual button extending through 
cover of housing-mounted relay 
for opening armature 

99. Silver contacts when not standard 

02. Telephone ringing current 

200. Heavy series coil 

501. Telephone service, electrical reset 

502. Universal latch relay with heavy 
contacts 

600. One blowout coil and one resistor 
for flashing heavy lamp loads 

610. Blowout coils and switchboard 
studs 

611. Blowout coils and front terminals 
on glass covered relays 

612. Blowout coils and eyelet terminals 

700. One series coil and one shunt coil 

for emergency switching of flash¬ 
ing lamps 
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TABLE 9 

POPULAR HOUSINGS 


Bakelite Covers 

Style B-1 

Glass Covers 

Styles G-1 ( 

G-2 ( 

G-4 < 

G-6 I 

Weatherproof Housings 

Styles W6a 
H-4 


Explosion-proof Housings 


Sheet metal, hinged cover, knockout 
boxes 


Fig. 36. Assembling Dunco 180XDX relays at plant of Aircraft 
Armaments, Inc. for use in air traffic control simulator units. 


Timer Code 

A code is employed to describe the construction and operation of 
timers or delayed-action relays manufactured by Struthers-Dunn, 
Inc. This code describes with a fair amount of detail any of their 
large variety of such devices. After a given timer is described in 
some detail by means of the code, minor variations between very 
similar units are distinguished by means of feature numbers. In 
order instantly to distinguish between an instantaneous relay code 
number and a timer code number, the former codes start with a 
numeral, whereas the latter codes start with a letter, and the initial 
letter P has been chosen for all timers. Following the letter P, 
which indicates that the device is a timer, the next letter indicates 
the operating or retarding means such as a motor, dash pot, etc., 
that is employed to secure the delaying action. Table 10 on Page 
100 lists the several operating or retarding means in common use, 
together with an arbitrary letter which has been assigned to them. 

Succeeding letters indicate the number and arrangement of the 
several contacts, and also indicate the presence of auxiliary equip¬ 
ment built into the timer, such as various types of auxiliary relays 
that may be an integral part of the timer. Still other letters indicate 
whether the timer is of the repeating or the recycling type. In an 
actual type number, the third and subsequent letters are always 
arranged alphabetically for convenience in filing. The several letters 
each represent some common characteristic of the timer, and where 
the characteristic is repeated on the timer, the letter indicating 
the characteristic may also be repeated. For instance, a repeating 
timer having a single cam operated by a synchronous motor would 
employ the code letters PSY. If it had two cams, it would be indi¬ 
cated as PSYY, whereas if it had eight cams it would be written 
PS8Y, to avoid unnecessary duplication of the letter Y. 

Except in the case of repeating timers, most types will have one 
or more norma lly-o pen or normally-closed load contacts that operate 
with delayed action in opening and closing. Therefore all such timers 
should include one of the letters A to F inclusive. The complete 
range of letters applying to timers is given in Table 11, Page 100. 
When describing a specific device, following the several letters of the 
timer code a numeral should be employed to show the particular 
variation of the fundamental type. 
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TABLE 10 

TIMER OPERATING MEANS 


A 

B 

C 

D- 

E- 

F- 

G- 

H- 

J- 

K. 

L- 

N . 


-Asynchronous A-c motor drive 

-Thermal bow 

-Capacity 

-D.C. motor drive 

-Escapement retard 

-Fly wheel retard 

-Gas dash pot or bellows retard 
-Hot wire thermal 
Mercury orifice retard 

Liquid displacement retard 


P. I 

o. 

R—Ring slug—flux retard 
S—Synchronous motor I 

T—Thermal bimetal separate heater j 

V Thermal heater wound on bimetal 
W—Weighted armature—inertia retard 


Y 

Z. 


TABLE 11 
TIMER DETAILS 


A Load contact normally open, de¬ 
layed closing when power is applied 

B Load contact normally open, de¬ 
layed opening when power is 
removed 

C Load contact normally closed, de- 

layed opening when power is 

applied 

D Load contact normally closed, de¬ 
layed closing when power is 

removed 

E—Load contact double 
layed transfer when 

applied 

F—Load contact double 
layed transfer when 

removed 

G—Auxiliary midget relay for im¬ 
mediate recycling 

H—Auxiliary midget relay 

J—Auxiliary large relay 

K—Auxiliary midget latch relay 


throw, de¬ 
power is 

throw, de¬ 
power is 


L—Auxiliary large latch relay 

M. ] 

N ... 

P.. 

Q Insulated stud terminals j 

R—Removable eyelet mountinq ter¬ 
minals 

S—Panel type rear stud terminals 

U- 
V- 


w 

X 

Y 


Auxiliary motor cut-off contact 


-Recycling contact operated bv 
coded cam 7 

Repeating contact operated bv 
coded cam 7 


-Repeating contact 
adjustable cam 

Repeating contact 
nonadjustable cam 


operated by 
operated by 


100 




CHAPTER 3 


APPLICATIONS AND CIRCUITS 

CONTENTS 

Page 


Wiring Symbols for Circuit Elements and Devices. 103 

Relay Symbols. ^Qg 

Symbols for Elementary Diagrams. 109 

Circuit Symbols. hq 

Equivalent Relay Symbols. m 

Relay Contact Code. 112 

Applications and Circuits. 114 

Blow-out Coil Applied to Variable Load. 121 

Contact Electrical Interlock. 123 

3 -Way and 4 -Way Switching. 12 4 

Prevention of Single-phase Operation of Poly-phase Equipment . . 126 

Alarm Circuit and Supervision. 128 

Relays with Auxiliary Contacts. 12g 

Remote Selection, 8 loads, 3 relays. 132 

Load Circuit Selection. 134 

Comparison of Various Forms of Electric Lock-ups. 136 

Reversing Functions of Make and Break Instruments. 142 

Tripping Circuits. 144 

Manual Latch Relays. 14g 

Miscellaneous Lock-up Circuits. 1 48 

Latch Relays With Auxiliary Contacts. I49 

3 -Wire Instrument Controlled Universal Latch Relay. 150 

Dual Control Sequence Domination. 154 

Ground Detector Circuits. 157 

HCL Instrument Controlled Double Lock-up Relays. 159 

Chatter Eliminator (Thermal Delay). 162 

Chatter Eliminator (Motor Driven). 1g4 

Low Voltage Instruments Applied to A-C Circuits . 166 

Low Voltage Instruments Applied to D-C Circuits. 169 

Throttling Circuits. 17 q 

Multiple Use of Control Lines. 173 

Remote Control Bridge Circuit. 183 

Bridge Selector Circuit. 185 

Phantom. Igg 

Semi-Phantom. 1 87 

Multiple Control—Frequency Selection. 189 

Progressive Lock and Unlock Relay Group. 192 

Progressive Lock-up Circuit. 194 

Step-by-Step Remote Selector Circuit. 196 

Remote Selection—Commutator. 198 


101 





















































Synchronizer for Independent Motor Drives . 

Lock-Up Relay Group—Locking Any One Unlocks Others . . . 

Preventer Circuit.. 

Alternate Control. 

Impulse Integrator . 

Stepping Relay... 

Emergency Lamp Relays . . . . .. 

Battery Charge Controls. 

Generator Cut-out. 

• •**••••••••• 

Battery Charging Combination. 

Reversing and Dynamic Braking Split Series Field D-C Motors. 

Torque D-C Motors. 

Torque Modifying Circuits. 

Automatic Torque Modifier. 

Reversing and Dynamic Braking of Shunt Motors. 

Forward and Reverse Inching . 

Control Relays with Overload and Trip-free Auxiliary. 

Accelerating Motor Control . 

Single Phase Motor Starting. 

Circuit Breaker Reclosing Scheme. 

Time Delay Circuits. 

Dual Purpose Recycling Motor Driven Timer. 

PW Delayed Action with Inertia Relays. 

Impulse Transmitter . 

Delay by Means of Hot Wire Timer. 

Thermal Timer with Auxiliary Magnetic Relays. 

Extending Thermal Timers. 

Impulse Limiter. 

Extending and Limiting Thermal Timer. 

Inverse Time Overload. 

Single Revolution Timer Circuits. 

Pulsing Circuits. 

Pulse Duration Detector and Supervisor. 

Negative Temperature Coefficient Resistors. 

Folded Circuits. 

Sequence Relays. 

Voltage and Current Variations. 

Mechanical Latches, Interlocks, etc. 

Determining Number of Active Circuits. 

Bridge Circuits . 

Close Differential Relay Circuits. 


102 


SYMBOLS 















































RELAY ENGINEERING-STRUTHERS-DUNN. INC 


WIRING SYMBOLS FOR CIRCUIT ELEMENTS AND DEVICES 

USED IN THIS BOOK A.S.A. STANDARD A.S.A. STANDARD 

POWER COMMUNICATIONS 


SIGNAL BELL 



LAMP- ILLUMINATING 
OR INDICATING 
differentiate color by letter 



some 





same 



or 



©^© © © 


INSTRUMENTS AND 
METERS 





* Abbreviation to identify specific type, as: 

A - ommeter MA-milliommeter 

AH - ampere - hour PF “power factor 

F - frequency WH” watt-hour 

G - galvanometer V - voltmeter 


INSTRUMENT CONTACTS 
(2” WIRE) 



INSTRUMENT CONTACTS 
(3-WIRE S P OT.) 


- 4 - 


INSTRUMENT CONTACTS 
MAKE AND BREAK 



none 


none 


none 


none 


none 


none 


RECTIFIER HALF-WAVE 


RECTIFIER FULL-WAVE 


MAGNETIC CORE COIL 
OR FIELD COIL 


B Contact closes last, opens first. 

A —Contact closes first, opens lost. 

Indicate by note motivating force, i.e., bi-metalic, pressure.et 

-- + --- * -- 



-A/WV 


some 





General network 
symbol with 
identification 


same 


-nmrx rv 




I 


Fig. 38 . Wiring Symbols for Circuit Elements 
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WIRING SYMBOLS FOR CIRCUIT ELEMENTS AND DEVICES 


USED IN THIS BOOK 


A.S.A. STANDARD 
POWER 


A.S.A. STANDARD 
COMMUNICATIONS 


PUSH BUTTON 

DOUBLE THROW 

NORMALLY OPEN 
NORMALLY CLOSED 


KNIFE SWITCHES 

(maintaining) 

SINGLE-POLE 


DOUBLE-POLE 

DOUBLE-THROW 


MULTI-POINT 
SELECTOR SWITCH 


SNAP ACTION 
RELAY CONTACT 


LIMIT SWITCH 

NC-NORMALLY CLOSED 
NO-NORMALLY OPEN 


INERTIA 

TIME DELAY RELAY 

NC-NORMALLY CLOSED 
NO-NORMALLY OPEN 


VACUUM TUBE 


CAPACITOR, FIXED 



LOAD 



This is a generalized symbol 
and can be used with notes 

wherever desiroble. 


NOTE:- Specific type: heoter, solenoid, motor, etc., 
indicoted by letter designation or note. 


Fig. 39 


Symbols for Circuit Elements 
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RELAY SYMBOLS 


USEO IN THIS BOOK 


A S A. STAND* RO 
POWER 


A S A. STAN OA RO 
COMMUNICATIONS 


CONTACT ARM, MOVING 


NORMALLY OPEN 
CONTACT 


NORMALLY CLOSED 
CONTACT 


DOUBLE THROW 
CONTACT 


MAKE* BEFORE-BREAK 
CONTACT 


THERMALLY OPERATED 
DOUBLE THROW CONTACT 

(bi-metal) 


FLEX LEAD OR PIGTAIL 


OPERATING COIL 


DOUBLE-THROW CONTACTS 


POTENTIAL AND SERIES 


COILS 


LATCH-ELECTRICAL 


(2) NORMALLY CLOSED 


CONTACTS 


OVERLOAD-ELECTRICAL 

RESET 

WITH AUXILIARY 
CONTACT 




|W 




notes 


Specific operating 
features indicated 
by note, or by 
abbreviation 
lettered on core 
end of symbol as 
for potential or 
relay above 



Fig. 40 . Relay Symbols for Complete Wiring 
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RATCHET OPERATED CAM 


SINGLE-BREAK 
NORMALLY-CLOSED 


DOUBLE-BREAK 
NORMALLY OPEN 


DOUBLE-POLE 
NORMALLY CLOSED 


RELAY SYMBOLS 

USEO IN THIS BOOK A.S.A.STANDARD 

POWER 


SINGLE- POLE 

NORMALLY-OPEN 
WITH BLOW-OUT COIL 


(I) CONTACT NORMALLY- 

CLOSED, (OCONTACT 
DOUBLE-THROW 


MAKE- BEFORE-BREAK 
CONTACTS 






magnetically polarized 

RELAY 

DOUBLE- THROW CONTACTS 





o-tf-o 




Coil ond contact 
symbols with notes 




Coil and contoct 
symbols with nates 


Notes 


A.S.A. STANOARO 
COMMUNICATIONS 






L 




L 


Current in direction of 
arrow throws contoct in 
same direction. 


Dot identifies 
inner end of coil. 


Fig. 41 . Relay Symbols for Complete Wiring 
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RELAY SYMBOLS 


USED IN THIS BOOK A.S.A.STANDARD 

POWER 


REPEATING-TIMER 


MOTOR DRIVEN TIME DELAY 
IMMEDIATE RECYCLING 


1. CLUTCH MAGNETICALLY 

ENGAGED 

2. CLUTCH MAGNETICALLY 

DISENGAGED 


RATCHET SEQUENCE 


ELECTRICAL RESET 




2-N.O. CONTACTS 


I - N.C. CONTACT 


SPRING RETURN 


MOTOR, GENERATOR OR 
ROTATING ARMATURE 


MOTOR OR GENERATOR AC. 
OR DC WITH SEPARATE 

FIELD 



SYMBOLS 


SYMBOLS FOR ELEMENTARY DIAGRAMS 

IN ADDITION TO GENERAL SYMBOLS 


USED IN THIS BOOK 


A.S.A STANDARD 
POWER 


A.S.A.STANDARD 
COMMUNICATION 


NORMALLY CLOSED yL 

CONTACT p 

* 

none 

NORMALLY OPEN 
CONTACT 

_L 

T 

T 

none 

DOUBLE-THROW 

CONTACT 

ft 

ft 

none 

OPERATING COIL 

* 

<: 

<=#■1 


Fig. 43 . Symbols for Elementary Diagrams 
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CIRCUIT SYMBOLS 



AXX HXX AXX M XX 


Fig. 44. Equivalent Relay Symbols 







exx 


XXA XXH XXA XXH 


Fig. 45. Equivalent Relay Symbols 






X A X 




Fig. 46. Equivalent Relay Symbols 


11(3 



XBX AXX 


Fig. 47. Equivalent Relay Symbols 



AAA AAA AAA 


Fig. 48. Equivalent Relay Symbols 
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A MAKE Ij MAKE, Q-0-; 


SP ST NO 




BREAK 


SP ST NC 


c 


BREAK, 

MAKE 

(TRANSFER) 


SP DT 


D 


MAKE, 

BREAK 

(CONTINUITY 

TRANSFER) 


E 


BREAK, 

MAKE, 

BREAK 


F 


MAKE, 

MAKE 


G BREAK, 
BREAK 


H 


BREAK, 

BREAK, 

MAKE 


MAKE, 

BREAK, 

MAKE 


us 



K SINGLE POLE, 
DOUBLE THROW, 
CENTER OFF. O- 


SP DT NO 



L BREAK, 
MAKE, 
MAKE 






u 


DOUBLE MAKE 

CONTACT ON 
ARM 




V DOUBLE BREAK, 
CONTACT ON 
ARM 


~r 


T" 




WdOUBLE MAKE, 
DOUBLE BREAK, 
CONTACT ON ARM 




X 


DOUBLE MAKE 


SP ST NO DM 




Y 


DOUBLE BREAK 


O —t ^ y— Q 


SP ST NC DB 


if! 


Z DOUBLE MAKE, 
DOUBLE BREAK 




SP DT DB 


Fig. 49. Code adopted by American Standards Association and by 
National Association of Relay Manufacturers to describe relay contacts. 
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PRINTED CIRCUIT BOARDS 






Fig. 50. (above) Printed circuit board assembly used in air traffic control 
target generator made by Aircraft Armaments, Inc. (below) Individual 
printed circuit board with 180XDX spring pile-up type relays and other 

components mounted in place. 
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APPLICATIONS AND CIRCUITS 



Fig. 51. Photograph of Timer Combination APBAG1 

diagram is to be used by a workman who must construct or test one 
oi the components, it is necessary to select symbols which illustrate 
the internal arrangement of the component in considerable detail, 
y hen the purpose of the diagram is to assist an electrician to make 
the necessary interconnections between different components, it is 


Circuit Symbols 

Various systems of symbols have been developed for use in wirinJ 
diagrams to illustrate in a clear, concise manner both the nature of 
the numerous components that may be combined therein and the 
method by which these various components are interconnected. The 
purpose for which the diagram is to be used determines the system 
of symbols that will best serve the purpose. For instance, if the 


lit 


SYMBOLS 


essential that the diagram show the several terminals in their actual 
relative positions so that they may be readily identified. On the 
other hand, if the purpose is to assist, an engineer in tracing or modi- 
lying the functioning of the combination of units, the symbols for 
these units should be simplified as much as possible. In this last case 
l lie functioning of the units should be obvious, but the symbols need 



Fig. 52, 1-2. Line and Schematic Drawings of Timer, APBAG1 


bear no physical resemblance to the actual units. In some cases 
where the principal purpose of the diagram is to permit tracing of 
the several circuits that may be involved, it may be convenient to 
employ what is known as an elementary diagram. Here the several 
elements such as coils and contacts of a certain device may be 
divorced from each other and located on the diagram in the most 
convenient location to facilitate tracing the circuits through them. 
In this case, each element must be labelled to indicate with which 
one of the devices it is associated. 

A photograph is perhaps the best means of showing the exact 
exterior appearance of a device. Fig. 51, for instance, illustrates 
a Type APB AG 1 Timer. This photograph discloses much information 
concerning its operation but is, of course, incomplete as to interior 
details. To get this greater detail, a line drawing such as Fig. 52, 1 
may be used. Here, by eliminating shadows and by the use of 
dotted lines to indicate hidden wiring, we gain a decided advantage 
over the photograph, in directing the attention of the observer 
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to the important functional parts. This form of illustration is I 
occasionally used to illustrate instruction sheets that may reach 
readers who are unfamiliar with more concise symbols. 

• ! ame 5 e ^y~timer combination is again shown in Fig. 52 2 

Tn t H?- SC f hema v C - f ° rm 1S reglllar ly employed on wiring diagrams! 
In this form it is possible to trace the several circuits in order tof 

learn how the device will function, but ordinarily diagrams of this I 

type are designed primarily for the electricians who may have 

to wire up the device. Each terminal is shown in its proper relative 

f d each T 5 0 . mp ?nent is depicted in a simplified, but easily 
identified form. It is, however, rather difficult to follow through 
the several consecutive steps that constitute a cycle of operation of 



ELEMENTARY DIAGRAM 


INITIAL (NORMAL) POSITION 


Fig. 53. Normal Position, APBAG1 


In Fig. 162 this same combination is given in schematic cir- 

noir twkftTf'+i m ^ gnet - lc r( iu y R - is sh ? wn as a g rou P of elements 

coil is connected by a broken line representing the armature to the 
conventionalized single-pole, double-throw contacts. The thermal 
relay (shown near the right of the diagram) employs a standard 
symbol for its heater which is located beside a warping, heat-sensitive, 
^^tact-carrying member. In this particular case, the thermal relay 
s slightly special in that it is provided with a small permanent mag¬ 
net to cause its contacts to operate with a snap action. This is 
denoted by a simple representation of a magnet and the letter M 
to permit identification, by means of an accompanying note describ¬ 
ing the special device. With this diagram, it is comparatively easy 

drcffit y ° ne VerSed m ^ ky USage t0 tmCe the functionin S of the 

f ° r r ^ ith c ° m P licated circuits that are otherwise 

to 58 illustrate in detail the several steps constituting a cycle of 
operation for this timer combination Type APBAGl. 

116 




SYMBOLS 


Unless there are definite notes to the contrary, all diagrams in 
general, and elementary diagrams in particular, are drawn to show all 
devices and all portions of devices in their normal, deenergized 
positions. T is the heater of the thermal unit. T1 and T2 are respec¬ 
tively the normally-closed and normally-open contacts controlled by 
its double-throw pole. R is the coil of the magnetic relay and R1 and 
K2 are respectively the normally-closed and normally-open contacts 
controlled by its double-throw pole. S is a switch external to the 
device itself through which power is applied to the unit. The load, 
which is indicated by a rectangular box at the lower right corner of 
the diagram, may be any device that the user desires to control 
through this relay combination. 



STEP I 


NORMALLY CLOSED.THERMAL CONTACT, 

OPENS 


HEATING^ 


Fig. 54. First Step In Operating Cycle, APBAGl 

When the external switch S is closed, current flows through this 
switch and through contact R1 and the thermal element T back into 
the other side of the line, as shown in Step 1 Fig. 54. As this thermal 
element heats, it first causes the normally-closed thermal contact 
T1 to open as shown. 



In the second step, Fig. 55, the normally-open contact of the 
thermal element T2 closes, thus permitting the current to flow 
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Fig. 56. Third Step In Operating Cycle, APBAG1 


through the coil R of the electomagnetic relay. This is immediately fol¬ 
lowed by Step 3, wherein relay R transfers its contacts to the energized 
position opening R1 and closing R2. In opening, contact Rl inter¬ 
rupts the current through T. In closing, contact R2 provides an 
alternate path for current around thermal contact T2, so that relay 
coil R will continue to be energized even when T2 opens due to the 
cooling of the thermal element. This condition is shown in Step 4 
wherein T2 has opened, but R is said to have “locked up” electrically 
as current through its own contact R2 is energizing its own coil R. 



Fig. 57. Fourth Step In Operating Cycle, APBAG1 


In the final step, Step 5, due to complete cooling of the thermal 
element, its contacts have returned to the normal position. Upon I 
the closing of T1 power is now applied to the load circuit and both I 
the load and coil of relay R will remain energized until power is I 
removed from the circuit by the opening of switch S. At this time I 
relay R will immediately return to its normal position and the I 
circuit will again be in its initial position as originally shown. I 

r I hroughout this handbook, schematic circuit diagrams comparable I 
to that shown in Fig. 162 arc employed except where the circuits I 
are so complex that elementary diagrams will more clearly illustrate I 


ns 


SYMBOLS 





ilicir functioning. A knowledge of both types ol diagrams is necessary 
lu permit the simplest approach to all problems that may arise. 
Problems that may appear quite difficult when one type of diagram 
m employed may be solved readily when investigated by means ol 
ihe other type. Very often, a relay application problem may appear 
lo require the use of three relays when investigated by means ol a 
hematic diagram. However, when this same layout is converted 
In an elementary diagram, a duplication ol junctions becomes 
evident and it is seen that the desired result can be obtained by the 

use of only two relays. 



COLD 


STEP 5 


NORMALLY CLOSED THERMAL CONTACT 

RECLOSES 


LOAD ENERGIZED 


Fig. 58. Fifth Step In Operating Cycle, APBAG1 


A picture diagram such as Fig. 52, 1 or a wiring diagram such 
ns Fig 52, 2 showing every terminal in its proper location will, in all 
probability, apply only to one particular type and size of one par- 
lieular manufacturer’s product. A circuit, diagram such as hig. 162 
or an elementary diagram as shown in Fig. 53 may apply to any 
size equipment as made by any manufacturer since it deals merely 

with principles and ignores structural details. 

A circuit diagram such as Fig. 162 will immediately indicate 
the number of units which must be combined to secure the desired 
results, and will also give an indication of the number of wires that 
must be used to interconnect the several units. It permits the circuit 
lo be studied as a whole with a minimum of distracting mechanical 

details. 

An elementary diagram such as Fig. 53 should be arranged 
so that the two leads from the power supply are at opposite sides 
or are at the top and bottom of the drawing. Also, insofar as practical, 
t he several paths through which current may flow from one side ol the 
power line to the other should be arranged in straight parallel lines. 
Thus, in studying the diagram each of the several paths are arranged 
in the order in which they are energized so that the user may easily 
remember just what parts of the circuit are carrying current and 
what parts are not, at any particular step m the cycle of operations. 
Above all, elementary diagrams should permit the user to concentrate 
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on the current paths, and should be entirely free of any distracting! 

elements. Particular pains should be taken to label all element! 

simply and distinctly in order to convey the desired information with 
a minimum of confusion. 

Whenever practical, the symbols used in elementary diagram! 
resemble those used in circuit diagrams in order to keep the number 
ol symbols which must be learned to a reasonable minimum. Some¬ 
times, however, the requirements of the two types of diagrams 
necessitate some difference in symbols, as in the case of a relay where 
a circuit diagram must show the coupling between the coil and its 

contacts, whereas the elementary diagram can cover this connection 
by means of notations. 

1 nn ym rS, ols ^sed in , circuit diagrams are given on Page 103 to Page 
10.L the first column contains the name of the symbol and the 
second column illustrates it. The next column gives the correspond¬ 
ing symbol that has been adopted as standard for power practice by 
the American Standards Association, whereas the last column gives 
the symbol adopted by this Association as standard for communica- 
tion practice. In some cases, the American Standards Association has 
Irom time to time adopted conflicting symbols, or has recently 
adopted symbols which, by long established usage, are generally 
recognized by many relay users as having other significance. The 
symbols that have been adopted for use in this book have been largely I 
taken from the established standards but differ in certain cases where 
it is believed that the use of the standard symbols may lead to con¬ 
tusion. In other cases symbols have been developed for use in this 
book to cover devices which have never been assigned specific 
symbols by the American Standards Association. In all cases where 
usage in this book departs widely from published standards (as for 
instance in the symbols for resistors on Page 103) a symbol is used 
that has been well established by long usage, whereas the ASA 

standards listed in the last two columns mean something quite 
different to many users. 

. The method employed to represent electrical equipment should, 
in each case, be selected for the particular purpose that it is to serve. 

It the primary purpose is to show the appearance of the equipment, 
a photograph such as Fig. 51 is best. If it is to be used merely for 
instructing assemblers where to connect the various wires, a drawing 
such as shown in Fig. 52, showing the actual terminal locations, 1 
should be used. The equivalent relay symbols shown in Figs. 44 
to 48 inclusive, illustrate equivalent symbols that have been devel- I 
oped to show the terminals in the approximate location that they 
occupy in certain complete relays. I 

Schematic diagrams, such as shown in Fig. 59, permit the circuit 
to be easily traced where it is not too complicated, and also show 
at a glance the number of components involved. I 

Elementary diagrams as shown in Figs. 53 to 58 inclusive sacrifice I 
all other characteristics to simplify circuit tracing. I 


ELEMENTARY CIRCUITS 


Blow-Out Coil Applied to Variable Load 

In Fig. 59, relay R1 controls a more or less constant load. If 
if is assumed that the line is fairly high voltage direct current, and 
that the load is either inductive or draws enough current to require 
the use of a blow-out coil to extinguish the arc that forms when the 
contacts open, then the blow-out coil marked BOl will be required. 
Since the load is more or less constant in magnitude, blow-out coil 
BOl can be wound with enough turns of wire to provide the required 
magnetic field to snuff out the arc, and the wire can be of sufficient 
size to carry the load continuously. 



Fig. 59. Blow-Out Coil Applied To Variable Load 


When such a relay must control a load that may vary over wide 
limits, as is the case with relay R2 in Fig. 59, difficulties are en¬ 
countered. If the wire with which the blow-out coil is wound is 
heavy enough to carry the maximum load continuously, the coil will 
not have enough turns to develop the required field strength to snuff 
out the arc when only a small current flows through it, when only 
a small load is controlled by the relay. Conversely, if the blow-out 
coil is wound with many turns of wire, the wire must necessarily be 
of small cross section in order to provide the necessary space for 
many turns. This small wire will overheat when at some other time 
the relay is called upon to carry the maximum load. 

This difficulty may be eliminated by providing the relay with two 
contacts A and B that operate in parallel. Contact A should be 
adjusted to close first and open last, and it is provided with a blow-out 
coil, B02. Contact B which is adjusted to close last and open first, 
when closed, short circuits contact A and blow-out coil B02. In 
operation contact A must momentarily carry current when the relay 
coil is first energized until contact B closes. Thereafter, due to the 
resistance of the blow-out coil, contact B will carry the majority of 
current in the circuit. When the relay coil is deenergized and the 
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contacts open, there will be a moment during which B is open but 
A is not. During this brief interval the entire load current, however 
large, will flow through blow-out coil B02. ■ 

This blow-out coil may be wound for some very small current 
value. Due to the extremely brief operation of the coil it cannot 
overheat. Since the current that flows through it is many times the 
continuous rating of the blow-out coil, it will cause an extremely 
strong blow-out action. There will be no tendency for an arc to 
form at contact B, since it was practically short-circuited when il 
opened, and once it has opened without arcing, an arc cannot he 
established. Due to the very strong blow-out action, the arc al 
contact A will be of very brief duration. ■ 

Any of the Series 8 or 84 relays described in Chapter 4 can ho 
provided with blow-out coils on any or all contacts as specified. A 
double-pole relay such as type 8BXX is available with a blow-out 
coil on just one of its two contacts by adding the feature number 61 
This makes the complete relay type 8BXX61 as explained in Chapter 
2, page 97, under Feature Number Code. 1 
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Contact Electrical Interlock 

There are frequent occasions when it is necessary to prevent power 
I n »i nbTing applied simultaneously to two loads. Such ccjiditions are 

ons ^re^n ade^o^^r ate amotor forward and 

imultaneous closure of the relay armatures, c frcu t 

relays may be interconnected to definitely open one load circuit 

lx-lore the other can be closed. 


R l 


R2 




•1 


LOAD *1 


LINE 



LCAD"2 


Fig. 60. Contact Electrical Interlock 


Fie 60 illustrates the latter arrangement. It consists of two 
sinele-nole double-throw relays. The two moving contacts are con¬ 
nect pd^t oeether and power is fed into the normally-closed contacts 
11 both moving contacts should be transferred from the non-operated 
t o the operated position, both loads are deenergized. Consequently, 
(he only way the power can reach the load is through the normal y- 
closed contact of one relay and the norma ly-opon con ao o te 
other relav. When relay R1 is energized and R2 is deenergized, 
nower is fed to load #2. Conversely, when R2 is energized, and R1 
is deenergized, power is fed to load #1. When both relays are en¬ 
ergized or when both relays are deenergized, neither load receives 

power. 

Any of the several relays having a contact arrangement XAX as 

particularly recommended for use with sensitive relays, since such 
r P elavs are St without exception, single-pole double-throw 

mechanical interlock to sensitive relays without increasing the 
small amount of power necessary to operate them. 
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operation of the contacts at any point will tTn ihe lond off r °" ' 
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LINE 

* 
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LO AO 


Fig. 61. Three Way Switching Combination 


* 


t 

UJ 


* 


* 


* 




I 
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Fig. 62. Four Way Switching Combination 

usfiTand 1 another ‘examnle ™ in wh | ch U ™ relays are 

arrangement may be extended in i yi fi g - f f ? Ur i re a ^ s ,'. Thls latter 

be r — - s •»» &ism 
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When, instead of energizing and deenergizing a load, it is desired 
to transfer power back and forth from one load to another by 
operating any one of several relays, the circuit shown in Fig. 63 
nliould be used. If only two control points are required, relay R2 
may be omitted. If more than three control points are required, 
additional relays may be connected in the same manner as relay R2. 



Fig. 63. Three and Four Way Switching Applied To Double Load 
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Prevention of Single-Phase Operation of 

Polyphase Equipment I 

There are frequent applications where it is desirable to operate » 
relay in case of a blown fuse. Where the fuse is of any appreciable 
size, passing several amperes or more, it is permissible to shunt | 
relay coil across the fuse, since the small fraction of an ampere 
carried by the coil will divert a negligible amount of current from 
the tuse. It is necessary in such cases to determine in advance the 
amount of voltage that will appear across the relay coil when tin 
luse blows, or if it is difficult to determine this voltage, the relay coil 
should be wound to operate on the least voltage that may appear, 
Also, the relay contacts must be connected in such a way that they 
will operate to trip open the circuit, and thus prevent injury to thu 

relay coil in case the voltage appearing across the coil is greater than 
the value for which it is wound. ] 


TO BREAKER a LINE 


TO BREAKER 
TRIP COIL 





TO LOAD 


Fig. 64(A). 


Prevention of Single Phase Operation of Polyph 

Equipment 


Figs. 64 and 65 illustrate a very convenient 
Applications of this kind frequently occur in 
phase motors which may require three phases 
will continue to run if one of the phases is 
although the motor may damage itself when 


circuit of this nature, 
connection with poly- 
for starting but which 
subsequently opened, 
running single phase. 
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The A arrangement shows relay coils shunted across each of the 
l lure fuses in a three-phase system. It is assumed that power is 
■implied to these fuses through a circuit breaker having a trip coil 
nr through a relay having a trip coil, such as relay type A5CXX as 
nliown in Chapter 4. If the load is a three-phase motor, it is difficult 
to predict just what voltage will appear across an open fuse. I he 
voltage appearing at this point at any instant will be the difference 
between the instantaneous potential of the line and the instantaneous 
potential due to back voltage in the corresponding motor lead. In 
practical cases, due largely to phase displacement, the voltage avail¬ 
able to operate the relay coil will be at least 10 per cent of the line 
voltage and the relay should have coils wound for this value. ouch 
roils will burn out very quickly if, for any reason line voltage should 
l,e applied to them. It is therefore necessary that the contacts ol 
l lie several relays be arranged so that when any relay operates it 
will instantly trip out the circuit breaker, thus immediately de¬ 
energizing itself. 


TO BREAKER 
HOLDING COIL 



Fig. 65(B). Variation of Contact Arrangement 
for Breaking a Holding Coil Circuit 


In arrangement B, the several relay contacts are connected in 
series instead of in parallel, and normally-closed contacts are provided 
,»n each of the relays. When any one relay is energized, it therefore 
opens the circuit, and this arrangement is used to trip out a breaker 
of the type that is held closed electrically. 

Very often the control circuits of circuit breakers operate on a 
voltage that differs from the voltage on the contacts. I he relays 
employed in this application have coils that operate at the potential 
of the circuit breaker contacts, but the relay contacts operate at the 
same potential as the circuit breaker coil. It is therefore necessary 
lor the relay to have substantially the same insulation between coil 

and contacts as the circuit breaker. 






Alarm Circuit and Supervision i 

provides an alarm system for use with normally-open boxj 
(13) that is supervised to give an alarm in case of open circuit ofl 
short circuit or in case the contacts in any of the alarm boxes am 
closed. Hie boxes may be coded to close their contacts in any nil 
determined manner to identify the particular box that is responsible 
for the alarm I he imlhammeter (MA) will also indicate the location 
ot the box that is transmitting or it will indicate the approximate 
location of any fault that might send in a false alarm 1 


Rl 


R2 




n 


J i 
; 


i|*—|i| 


r2 




B 


r8 


( 
r 9 


Fig. 66. Alarm Circuit Supervision 


. Inn at 1 current with ad alarm boxes (B) open may be adjusted 
to 1UU MA (0.1 ampere) by means of resistor rl. This is sufficient to 
energize relay Rl which holds its normally-closed contact open. This 
normal supervisory current is insufficient to energize box relay R2. If 
any ot the boxes are operated, the current increases enough to 
operate relay R2 which operates a siren. If the circuit is broken for 

troubkf bell ^ &y Rl dr ° pS ° Ut and itS contact closes and rings the 

I he battery should be capable of delivering 24 to 120 volts at 100 

MA continuously, the rated voltage depending on the length of the 
circuit and the number of boxes. 

The milliammeter should read up to at least 250 MA d-c. 

Resistor rl should adjust from zero up to a resistance value 
sufficiently high to hold the current down to 100 MA under conditions 
oi maximum battery voltage with all boxes open. 

Resistances r2- r8 and r9 are the result of combined line resistance 
and resistor units that, all together, total about 40 ohms each. | 
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Malays with Auxiliary Contacts 

In most cases, a relay requires more ampere-turns to close iffi 
•H'inature than are required thereafter to hold the armature^closed, 
killicient extra ampere-turns are secured automatically when the 
mil is energized by means of alternating current, due to the tact 
I Iml, a much larger a-c current flows through the coil when the arma- 
liiro is open and the reactance of the coil is below normal. 

When it is desired to secure this same operating characteristic on 
a relay with a d-c coil, it is necessary to add some device in the coi 
circuit that will permit a large initial current to flow, and which will 
reduce this current when the armature is closed. Such a device toi 
causing an inrush may be entirely external to the relay. It, °i 
Instance, a metal filament incandescent lamp is connected in series 
with a relay coil, or if a parallel combination ol a resistor and a 
condenser is connected in series with the coil, there will be an inrush 
of current through the coil when the coil circuit is first, energized. It 
is possible by means of an auxiliary contact on the relay, however, to 
approximate closely the inrush characteristics ot an a-c relay. 





Fig 67. Auxiliary Contact to Reduce Coil Current 

Upon Closure of Armature 


Fig 67 shows a relay with a resistor in series with its coil. 1 he 
relay is shown without any load contacts, but these may be added 
as desired. With the relay in its normal position as shown, an 
auxiliary contact short circuits the resistor so that when the switch 
is closed to apply voltage to the coil circuit, the full voltage is applied 
directly to the coil. When the armature is almost closed it engages 
the auxiliary contact and opens it. This removes 
on the resistor which then operates to limit the current through the 
coil to the low value necessary to hold the armature closed. Ine 
auxiliary contact must open slightly before the armature is fully 
seated. In practical usage, however, the inductance of the relay 
coil will be so large that the coil current will decrease rather gradually 
from its initial inrush value to its final holding value, d herefore, the 
resulting ampere-turns will be above the final holding value at the 

instant the armature seats. 
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SERIES CIRCUIT 


A very similar arrangement is shown in Fig. 68, 1 except tlml 
Wi 1,8 fu Se ’ a .J a P ped coil is employed instead of the external resist oft 

tir r?i Ih ° lline, ; i portion ’ ^ the fact that its turns Lrj 

auxiliary contact is provided to remove the short circuit from’thl 
outer section of the coil when the armature is practically closed 
1 his arrangement is desirable in that it eliminates a resistor Thj 
S loit circuited section of the coil tends to slow down the operation of 

rovercomety dilay 6 ^ C '° Sing P ° rti ° n ° f the eoil stro ^ J 


Fig. 68, 1-2. Auxiliary Contact to Switch Tap on Relay Coil 

Upon Closure of Armature 

Auxiliary Contact to Shunt Coil Upon Closure of Armature 


the ph fl e r r ^ S tor ir nf U !h ’ t ' he ■l* rrent th , rou S h th e coil is determined by I 
the character of the circuit external to the relay. It is impossible to 

resistor In^m'U T‘ throu f h the coil by means of a series 

68, 2 is entirely satisfactory. The total current in the coil circuit 
remains constant, and this entire current flows through the coil until 

then closes, shunting a resistor across the coil. Thecurrent in the 
thronoh U th the i n dlvl - ( ? es w , lth the amount desired for holding passing 

through the shunting resistor. As is the case in all parallel circuits 
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• l,r current will divide in a manner inversely proportional to the 
distances of the alternate paths If it is desired to ha Y%^ e 

il„. relay armature is closed, one part of the current will flow through 
ihr (roil while three parts flow through the resistor. In order to secure 
1 1,is condition, the resistor should have one-third as much resistance 

I lie coil. . ~ . 

Practically all of the Struthers-Dunn Relays listed in Chapter 4 
me available with auxiliary contacts. The 

relay tvpe numbers. A normally-open auxiliary contact such 
,in l hat shown in Fig. 68, 2 is indicated by Feature Number 7, which 
may be similarly appended to the industrial type designations. 
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Remote Selection, 8 loads, 3 relays | 

end of each relay coil is Hed L „ 7 b remoteI y energized. If 0 3 

“nfs'.grcr.oiist? 
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LOAD I 


LOAD 3 


LOAD 5 


LOAD 7 


LINE 


LOAD 2 


LOAD 4 


LOAD 6 


LOAD 8 


Fig. 69. 


Remote Selection, Eight Loads, Three Relays 


expandeW^b^revTated ttf “ ““W F ^' 69 \ 

sneak circuits, which’are illustratcdTn Fig 7“ dlsadvanta S es due to 

ifi* itt^SctiflL SsiTtSL^h ° f Cir r CUitS 

Zi^the%ran t S h1on Sti Th the | ^ 

jargeHoads, A would be 8XAX, B would bet^lf^ wou?I 
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TABLE 12 

Scheme for Selecting Any One of Eight Loads with 
Only Three Relays. Switching One Side of Load. 

Relays Load 

Deenergized Energized 

None 1 

B 3 

B, C 4 

A 5 

A, C 6 

A, B l 

A, B, C 8 


Load Circuit Selection—Sneak Circuit Example 

Pie 7() illustrates a scheme for selecting any one of. 16 loads 
lo which full voltage will be applied by selective energization ot the 
roils of one or more of a group of 4 relays. As shown in the table 
under the circuit diagram, load #16 receives ful voltage when all o 
l lie relays are deenergized as shown, whereas load #1 receives lull 
voltage when the relays are energized. Various other loads may 

likewise be selected. 

When switching from one load to another there is a possibility 
l hat due to transient conditions, full voltage may momentarily be 
applied to some load other than the one intended as a result ol some 
one relay operating more rapidly than another one. II it is essential 
I hat full voltage be transferred from one ol the 16 loads to another 
without momentarily energizing any of the rest, the line voltage 
should be interrupted during the switching operation. 

It will be noted that this circuit applies full voltage to the selected 
load. It also will apply partial voltage to all of the remaining loads 
Fie. 71. for instance, shows all of the loads as they are connected 
when the relays are all deenergized. Fig. 71 shows the same load 
conditions as Fig. 70, but the diagram has been rearranged in order 
to call attention to conditions that are sometimes overlooked in 

designing a circuit of this nature. 

In Fig. 71 it can be seen that load #16 is directly across the line. 
All of the several other loads also receive voltage due to their some¬ 
what complicated series parallel inter-connections. F° a ds w l6 > 
#14 #15, #12, #8, and #4 each have approximately 42.8 percent 
of full voltage applied, if we assume that all of the severa loads are 
identical. The nine remaining loads #1, #5, #9, #2, #b, #1U, §6, fi, 
and #11 have approximately 14.3 percent of full voltage applied to 

them. 


Relays 

Energized 

A, B, C 
A, B 

A, C 
A 

B, C 
B 

C 

None 
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Fig. 70. Load Circuit Selection 




■ » V • I KM 


R4 


explanation OF FIG. 70 

R Numbers indicate relays energized 
Numeral indicates load energized. 


* 

1 

R2, R3, R4 

* 

2 

R2, R4... . 

H 

3 

R2, R3. .. . 

% 

4 

R2 ... 

% 

5 

R3, R4. .. . 

« 

6 

R4. 

% 

7 

R3. 

% 

8 

None. 


134 




ELEMENTARY CIRCUITS _ 

II this circuit or its equivalent is used with the knowledge that the 
, ,,|| jige will divide in this manner, then it is a perfectly legitimate 
unlit If, on the other hand, the designer has failed to realize the 
. MHtence of these several alternate paths through which current may 
Hmv, then these alternate paths are termed a sneak circuit. 



Fig. 71. Sneak Circuits 


Sneak circuits are responsible for many of the difficulties en¬ 
countered in extremely complicated control circuits. Wherevei 
possible all power-consuming elements ot a circuit, such as relay 
coils lamps, motors, or other loads should be connected to one side 
of the line, and all controlling devices, such as instruments, push 
hut tons, and other pilot contacts, as well as fuses and relay and circuit 
breaker contacts be connected to the other side of the line. When t his 
is done, most sneak circuit possibilities disappear. 
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As in the circuit illustrated in Fig. 70 sneak- eirmiif* ™ i it 

^^ j i ^j^ ^ i i j ■ at other times, they are t| 

result of accidental connections, such as unintentional ground1 

m.y Ml I* indicate Jh, preSS of 1“ * '*">■ “ 
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84XBX for large loads. These relays are described in Chap ter Zl 


Comparison of Various Forms of Electric Lock-up Circuits 

.The six circuits shown in Fiffs 72 »nrl innin f ti II 

ssssutss *P* 

f&LtSSSJ 

SKS Si !™7 it ”«'? n ” > l"“ l & •»teyii t s 
dM.intsss J t’SiXw”,', ° f ** 

relay Toil R& which^perTteTo ToleTh TY iS applied to tha 

until “h iTToTtTc t°A°again Yedoses P ° n **“ r ^ e ' m ^ ns deenerfizel 

Sfc “fcja ~gj«Sisamara 
sStSaax 1 In ,K " ts 

colt ,»d therefore »hgltS”S.“SSS; 5*&»* 

contacts , a , and b 

KSifU s 

ittn! trrr d 

and breaking 
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INSTRUMENT CONTROLLED CIRCUITS 

ulmultaneously, the relay coil will be deenergized through this 
simultaneous closure. In most applications, where A and B cannot 
close simultaneously, each of these pilot contacts must be capable oi 
making a circuit, but they need carry current only momentarily 
until the relay operates and they need never break any current. 1 his 
circuit is commonly employed in connection with a High-Common- 
I iow (HCL) type of 3-wire instrument. 







Fig. 72. Comparison of Various Lock Up Circuits 


___ K 

All relays are shown without load contacts. 

Controlling Pilot Contacts: 

A—Normally open contact that closes to energize relay coil. 

B—Normally open contact that closes to deenergize relay coil. 

0 —Normally closed contact that opens to deenergize relay coil. 

D—Normally closed contact that opens to energize relay coil. 

CLR—Current Limiting Resister. 

RC—Relay Coil 

RO—Normally open relay lock up contact 

RX— Normally closed relay lock up contact _ 

All contacts shown in normal position. 

With controlling contacts in position shown and with power 
applied to the line, all relays will remain deenergized if initially 
deenergized or they will remain energized if initially energized. 


The second elementary diagram in Fig. 72 illustrates an electric 
lock-up relay that is controlled by means of one normally-open 
and one normally-closed pilot contact. When normally-open 
pilot contact A closes, it applies voltage to the relay coil RC, which 
operates to close the lock-up contact RO. This relay contact by¬ 
passes the pilot contact A that caused the relay to close, and main- 

137 

i 

4 <* 


* 




















RELAY engineering—struthers-dunn. inc 




tains the relay in a closed condition. When pilot contact C oncnJ 
cut tent to the relay cod is interrupted, the relay opens its contacl 
hO so that it does not reclose until pilot contact A again recluses! 

Ordinarily this circuit is used in applications where contact A doe! 
not close in an effort to energize the relay coil at the same time that 
pilot, contact C opens m an effort to deenergize the coil. When thes? 

C dominate and the relay opens regardless of the opera- 

circuit. Pilot contact C must carry and break the relay current ^ut 
it need never make a circuit unless contact A is already closed when 
pilot contact C closes. Although this circuit may be used in coni 
nection with push buttons, limit switches, or other separate control 

a“d-bre V Sstrunmnts W,tlely COl "" iction " itl ' 3-wire make-; 


RX 


x 


LlJ 


CLR 



CLR 


CLR 



Fig. 73. Comparison of Various Lock Up Circuits 


as #2 m in‘tte dia f ai ? # V n Fig ' l 2 is subst antially the same 

oufl h v with a the nged ?0 ^ case pllot contact A closes simultane- 

nate ami he r ? Penln ,f ° P '! 0t contact J C - P^ot contact A will dom- 
matc and the relay will remain energized. In normal operation where 

and C do not conflict, A must make a circuit but need carry 

current only momentarily while C will carry and break a circuit 

)ut ne-ver make under load. This arrangement may also be used 

with a make-and-break instrument. When such an instrument is 

properly adjusted so that A cannot close except when C is already 

closed, and C cannot open unless A is already open, there is no 

question of confliction between pilot contacts A and C, and there is 

therefore, little to choose between circuit #2 and circuit #3 
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Mlementary diagram #4 in Fig. 73 shows a method of connecting 
ii relay to a normally-open pilot contact B, and a normally-closed 
pilot contact D, in such a way that, when D opens, the relay coil 
h energized and when B closes the relay coil is deenergized. A tei 
I lie momentary opening of D or the momentary closing of B, he 
relay electrically locks itself in either position. As soon as D opens, 
em rent which has by-passed coil RC is now forced to flow thioug i 
llie coil, thus energizing the relay which opens normally-closed 
relay contact RX. The pilot contact D may then immediately 
lee lose but no current will flow through it due to the opening ol KA. 



Fig. 74. Dual Pilot Operated Lock Up Relay Circuits 


the relay remains energized until contact B closes momentarily, 
short circuiting the relay coil, closing relay contact RX and estab¬ 
lishing a semi-permanent short circuit across the coil through KA 
•md D With this circuit, if D opens tending to energize the relay 
i-oil at the same time B closes tending to deenergize the relay coil, 
l he latter pilot contact will dominate and the coil will remain 
deenergized. A single make and break 3-wire instrument may be 
used in connection with this circuit instead of two separate controls 

as indicated in the diagram. 

Elementary diagram #5 in Fig. 73 operates in a manner very 
similar to diagram #4, except that in #5, if pilot contact B closes 
tending to open the relay at the same time that pilot contact \) 
opens in an effort to close the relay, then pilot contact D will dom¬ 
inate and the relay will be energized. II contacts B and D form a 
part of a single instrument that is properly adjusted or, it tor any 
other reason they cannot conflict in an effort to open and close the 
relay simultaneously, there is little choice between circuit #4 and 

circuit #5. 

Elementary diagram #6 in Fig. 73 illustrates a connection method 
to be employed when two normally-closed pilot contacts D and 
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aUy-closed 6 contact Tx , a r ^y. The relay has one norl 

grcuil i, removed from the eiii i tg SmnTwiu'&'thrS* 
tie toil S“‘,*Z eo„ E tie?RX W i,V nC '*l 

sss&ars ss£s sr p ™r si 

contact immediately redo ^ ’ the re^l ^-.l " d ’ 6V ? n 'f this pl,( 1 
DandC rep( ' ated - Simultaneous o^^TpilSSSl 

SStc'Sl'SSE the ^ COil WWch o? eoume^thJ 

individual pilots. In each case th™relay i^shownwith Inauxiliary 



Fig. 75. 


Dual Pilot Operated Lock Up Relay Circuits 


Idtd^feTred^Thi^ n °, l0ai ! C °/ ltacts - Load contaoto .nay b, 

whereas in and n °™ ally -°P ( f, n conta ct closes to close the relay, 
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I The same obvious results will be obtained with circuits #2 and #3, 
I! I lie relay is supplied with a normally-closed load contact, as would 
I m* obtained by circuits #4 and #5 with a normally-open load contact. 

I '< inversely, the same obvious results may be obtained with a relay 
mimected as in #2 or #3 with a normally-open load contact as with a 
ivlay connected as in #4 or #5 with a normally-closed load contact. 

II Hie possibility of circuit failures, equipment failures, and failure of 
line voltage is ignored, these several arrangements give identical 
results. In case of line voltage failure, however, all of the relay load 
contacts will return to their normal position. If the control circuit 
and the load circuit are derived from separate power supplies, or if 
they are separately fused, then there is a possibility under some 
conditions that the relay load contact will return to the normal 
position regardless of the operation oi the controlling pilot contacts. 
Thus there may well be a very definite advantage in selecting the 
particular combinations that will open or close the load contact as 
may be desired in such emergencies. 

The question of which pilot contact is to dominate will guide the 
selection between #2 and #3 or between #4 and #5, and the question 
of opening or closing the load contact in case of power failure to the 
relay will determine whether f 2 or #3 should be used or whether 
f 1 or #5 should be used. 
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Reversing Function, of M.k. ,„d Break Instruments 1 

oi 'T","” r~* «<hJ 

s«r> V ti>™»ti h , “ 1 1 

thereby apply power to sm.f , u . ,HJ ?i <5 9 a 1( lay and 
thermostat is cold, and conversely in* 0 !.T !,n . s - (lov, 1 co w,,cn Ml 

HCL combination wherein the P nr ™ arranged ln the ordina| 
L or low contact under one extreme mnr]? m ° n contact touches till 

the connections to the H and L contacts oVt l^ ? ec , essar V to revejl 
to reverse its operation. 8 ° ^ ie instr ument in order 

mner) Weve? “shown in^thT^ in the - make and break 

necessary to use a somewhat different tvDe 0 ^ 1 ^v- Flg 'i U l 2 ’ lt l ig 

a reversal of the normal function n f +iZ P - e °/ rc ay in ° rder to seem* 
is shown in Fig. 7 G. e instrument. Such a circuit 




Fig. 76. Reversing Function of Make and Break Instruments 

1’ are insulated'for^foa" vol't^e'anS'd 1 <h ° ins,rument 

crwssrss : 

of this transformer is short-circuited^eV ICl J 1 i t u 0ncIltl ^ s the output 
ance so that the wi^ notT SU ^ ent im P ed " 

voltage, a resistor must be Insert X “ m * u }^ d fuI1 line 

the instrument current. cucuit to similarly limit 
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In the circuit shown we may assume that the instrument was 
• l«. igned to control a heater and therefore closes its contacts when 
Mild. When combined with the relay as illustrated, however, the 
Unirnment will energize the relay when its contacts open and 
deenergize the relay when its contacts close. In the position illus- 
11 nled the relay coil is directly across the transformer secondary, 
thus, when the device is put into operation by closing line switch S, 
die relay will be energized and the upper or load pole of the relay 
will close and apply power to the load. 

If I his load is a refrigerator unit, the temperature would gradually 
decrease and the moving contacts of the instrument P would swing 
upward, finally making contact with fixed contact #1. Since, at this 

I.. the relay is energized, fixed contact f 1 would not be connected 

In any other part of the circuit, and nothing further would occur at 
lhis instant. Further operation of the refrigeration unit would 
decrease the temperature of instrument P until, finally, its moving 
run I act closes the circuit to fixed contact #2. This would short- 
circuit the relay coil and cause the relay to drop to the position 
•hown, wherein fixed contacts #1 and §2 of the instrument are tied 
together by the lower pole of the relay. Any vibration or uncertain 
contact in the instrument would not cause corresponding chatter of 
i lie relay since the moving contact of the instrument must swing clear 
cl fixed contact #1 before the relay is again energized. 

In some cases identical results may be obtained by employing a 
relay having its control circuit connected as shown in the lower half 
<>l Fig. 14, 2. Here it. is necessary to reverse the operation of the 
load contact so that power is applied to the load when the relay is 
deenergized. It is, however, often considered disadvantageous to 
employ such a connection since any opening in the power supply to 
I he relay coil will cau.se the load to be energized continuously until 
(he accidental opening is corrected. In such applications the 
circuit shown in Fig. 7(i is of particular value. The relay shown in 
big. 70 employs an AX A contact combination. Various sizes of 
relays with this contact combination are listed in Chapter 4. 
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Tripping Circuits-Various Degrees of Sensitivity I 
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current through the pilot contacts is limited by the current limiting 
resistor, CLR. This arrangement is particularly suited to applications 
wherein the contacts of the pilot instrument may chatter. In such 
ruses, if the sensitive relay coil is in series with the pilot contacts, 
the latter will draw a small arc each time they open due to the in- 
ihictance of the relay coil. When the contacts are shunted across 
the coil as shown this arcing is minimized. As in the previous circuit, 
this arrangement as shown in Fig. 78 deenergizes the entire circuit 
connected to the pilot instrument, and the sensitive relay, as soon 
iih the large latch relay R2 has opened. Large heavy relays are 
naturally more sluggish than lighter devices and the protective 
I nature of this circuit will protect the pilot contacts when they 
cl latter so rapidly that the pilot contacts close and reopen before the 
heavy relay has had an opportunity to follow the instruction 

I lansmitted. 


CLR 



Fig. 78. Sensitive Tripping Circuit 


Whereas the circuit shown in Fig. 78 protected the controlling 
instrument so that its contacts only had to carry a very few milh- 
amperes of current and had no inductive load to break, there are 
some types of instruments which might require even greater pro¬ 
tection. In such cases, a vacuum tube may be inserted between the 
pilot instrument P and the sensitive relay RS in the manner shown in 
Fig. 79. Resistors R1 and R2 in such a circuit may each have as 
high a value of resistance as may be necessary in order to properly 
protect pilot instrument P. As shown, with P in series with resistor 
R2, the vacuum tube will conduct current and energize the coil of 
relay RS when the contact of instrument P closes. 

The operation may be reversed by short circuiting the leads that 
are shown connecting to the instrument and connecting the instru¬ 
ment P in series with resistor Rl. When the resistor values are cor¬ 
rectly chosen the vacuum tube VT will then carry a plate current 
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I he coil current is restored to its original value. There are many 
. hrlrical lock-up circuits that accomplish this purpose but, in many 
ni <\s, the desired results can be obtained by means of a manually 
operated latch forming an integral part of the relay, particularly 
when the relay is to be mounted in a position where the latch will 
lie accessible for manual control. 


Thc simplest form of mechanical latch consists of a hook that 
merely holds the armature closed after it has been magnetically 
nl Iracted. When current is briefly applied to the coil, the armature 
closes and remains closed until the hook is manually released. 


The opposite of this arrangement consists of a reversed hook 
which, when the coil is momentarily deenergized, prevents the arma¬ 
ture from reclosing when the coil is again energized, and continues 
in hold the armature open until manually released while the coil is 
energized. 


In addition to these latches that hold the armature all the way 
open or all the way closed, there are latches that hold the armature 
m a mid position. Such latches have a variety of applications. A 
typical application of this nature is encountered in a relay that 
sounds a signal in case of power failure. When the relay coil is 
deenergized, the armature opens all the way and closes the normally 
closed contact that sounds an alarm. If the power failure is of long 
duration, the latch may be operated to half close the armature, 
(hereby opening the contacts and stopping the alarm. Restoration 
of power to the coil circuit closes the armature, opens the contacts 
all the way, and permits the latch to fall free, ready for the next 
operation. This arrangement permits an audible signal to be silenced 
as it is usually objectionable if heard for long periods. It also avoids 
(he commonly encountered difficulty where the bell is silenced by 
opening the bell circuit, in which case the bell fails to sound in the 
next emergency should an attendant forget to reclose the bell circuit. 


The relay just described may be reversed so that when the coil is 
energized, it will close a contact. The contact can then be manually 
opened, leaving the armature closed. When at some later time the 
coil is deenergized, the contact remains open, the armature opens, 
and the manual latch falls to its initial position, ready for the next 
emergency. 

When it is inconvenient to mount the relay in a location where 
the latches can be manually operated, there are, in each case, 
equivalent relay circuits that permit a pushbutton to remotely 
control the relay. In the first case, which is most common, either a 
mechanical latch electrical reset relay may be employed, or an 
electrical lock-up relay may be used. In the next case, where the 
relay armature is not to reclose upon the restoration of power, a 
normally open contact on the relay may be inserted in series with 
the coil and this contact may be bridged by means of a remote 
pushbutton. 
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Miscellaneous Lock-up Circuits 

Fig 80, 1 shows an ordinary magnetic relay having an AX A 

contact combination connected so as to sound an alarm upon power 

failure and to continue to sound the alarm until the power has been 
lestored and the push button operated. Tl 

i F . lg ' 2 shows , a somewhat similar arrangement in which J 
oad is disconnected from the line upon momentary power failure 
In this case the load will remain disconnected until power is restored 

^ri- Ut ! 0n / S Gl0Se , ( Jv Alth °ugh the relay in this case is of 
the so-called instantaneous type, a measurable amount of time 

is required for its contacts to close after the coil is energized. Durin 

ns time it will be noted the current to the load will flow throug 
the contacts of the push button. g 

Where the initial current requirements of the load are too great 

°‘ h ; n ^ h Litton, or m a case where a delicate pilot instrument is 
used instead of a push button, it becomes necessary to use an 





Figs. 80, 1-2-3. Miscellaneous Electric Lock Up Circuit 

arrangement such as that shown in Fig. 80, 3. The relay in this 
case might have double-pole contacts that are bridged together, i. e. a 
arrangement, or the bridge may be incorporated into the 
contact structure making the arrangement MXX. When such a 
relay is connected as shown, the load current can, under no condition 
flow through the instrument contact regardless of possible misalign¬ 
ment of contacts which would cause one to close before the other 

No provisions are shown in Fig. 80, 1-2-3 for reopening any 
of these relays after they have been closed by the pilot. The relav 
may open due to brief failure of the power supply, or a normally- 
closed contact inserted in series with the coils may be opened briefly 
in order to interrupt the coil current. F y 
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L/itch Relays With Auxiliary Contacts 

11 is frequently necessary to incorporate an auxiliary contact on a 
irlay for some purpose in connection with the operation of the relay 
IIhcH, and which may have no function in connection with the load 
circuit of the relay. Such an auxiliary contact is frequently used, for 
example, to interrupt the circuit through the lower coil in two-coil 
relays of the A5 series or the 51 series described in Chapter 4. 

I n these relays, each coil operates a separate armature and the 
ii rmature of the lower coil operates the main contacts. For proper 
operation, a coil circuit should not be automatically interrupted until 
I he coil has completed its function. 

In relays of this type the upper or trip coil may have its circuit 
interrupted by a main contact carried by the lower armature since 
Much contacts do not open until the latch coil is energized and pulls 
I he latch away from the main armature, permitting the main arma¬ 
ture to open and to operate the main contacts. If these contacts then 
interrupt the latch coil circuit they cannot cause failure by premature 
opening. Contacts carried by the main armature, however, cannot 
properly open the circuit of the coil that directly controls the main 
armature since these contacts start to move as soon as the armature 
hI arts to move and quite possibly would interrupt the lower coil 
circuit before this coil had completed its function. If, however, an 
auxiliary contact is carried by the latch armature it may be connected 
in series with the lower coil in such a manner as to interrupt the 
circuit through the lower coil when the latch engages the lower 

armature. 

In Fig. 81 a relay of the type described is shown in a special 
circuit that accomplishes the desired results without use of an 
auxiliary contact. At times, however, this circuit cannot be used as 
it requires that both the coils and the load receive their power from 
the same power source. Also, since the closing coil operates in series 
with the load it requires that the load be very large compared with 
the few watts required by the coil. 

When for any reason this circuit cannot be used, and it is desired 
to limit the current through the lower coil to the very brief impulse 
necessary to operate the coil, an auxiliary contact operated by the 
latch armature should be used as shown in Fig. 83. 1 he particular 

figure shown is a schematic diagram of Struthers-Dunn ^ype 

A5HXX77. 
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3-wire Instrument Controlled Universal Latch Relay |l 

The majority of relays are provided with coils that must iJ 
operated on a more or less uniform voltage. If the voltage falls morj 
than lo percent below its normal value, the relay will fail to function 
properly, and if the voltage increases substantially above its rated 
value, most relay coils will overheat. There are several methods •.« 
shown on Page 129, of reducing the heating that occurs in the coil 
due to the holding current, but there is a limit to how much the col 
current can be reduced particularly where the coil is operated on 
alternating current, because, in order to eliminate hum, it requires! 
substantial amount of current in the coil to hold the armature tightly 
throughout the complete alternating-current cycle. y 

In order to secure positive operation on a wide range of voltagoJ 
and frequencies, a two-coil, mechanical-latch, electrical-reset relay 
may be used. Such relays may be provided with coils having rei 
atively few turns of hekvy wire so that they will operate on low 
voltage, and the relays may be further provided with auxiliary 
contacts that will limit the duration of current flow in the coils to an 
interval so brief that overheating cannot occur. *1 

For use in connection with certain loads it is possible to eliminate 

the auxiliary contacts if a circuit such as that shown in Fig 81' 
is employed. ol 

1 ho ^ 0,a T shown in this figure is Struthers-Dunn Type A54HXX j 

This re ay is normally provided with coils that would operate com 

tinuously without overheating on 24 volts d-c or 115 volts a-c. Since 

the relay is particularly intended for use in this special circuit, no 

precautions are taken in its design to eliminate hum, and it would 

therefore be noisy if its coils were continuously energized with! 
alternating current. & 

When using the special circuit shown in Fig. 81, the coils are! 
deeneigized the instant they have operated, and therefore they! 
cannot overheat, nor can the relay hum. The relays are usually! 
controlled by pilot contacts, such as those in the 3-wire HCL instruJ 
ment illustrated, or by any other pilot contacts such as the 2 push! 

buttons shown herewith connected to the High-Common-Low I 
pilot leads. I 

In operation starting with the relay contact open, as shown, if | 

the pilot doses from C to L, Ihe closing coil CC is connected in series! 

with the load. This coil is normally rated at 7 watts. If the load has a I 

mmimiim rating ol 200 watts the voltage will divide so that approx-1 

lmately 97 percent of the voltage drop occurs across the relay coil I 

and 3 percent across the load. The coil will therefore operate aiul 
close Ihe relay contact. I 

When this contact closes, it mechanically latches in the closed posi- 

tion It applies full voltage to the load and it also short circuits 

both the coil that caused the relay to close and the pilot contact that I 
energized the coil. 
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Where the pilot contacts have limited current carrying or breaking 
-iipacify, the action of this relay gives them maximum protection. 

When the relay is to open, the pilot contacts close C to 41. This 
MMinccts the opening coil OC directly across the load. This opening 
mil merely operates a latch which, when withdrawn, permits the 
n biv contacts to reopen under the combined torce ot gravity and a 

•| III llg. 

As the coil OC was connected across the load, it is instantly de- 
i nergized when the relay contact opens and breaks the load circuit. 
| |,is coil and the pilot contact that controls it are fully protected 
,luc to the fact that the contact of the relay interrupts the current 
through them almost instantly, and eliminates the necessity lor the 
pilot contacts to carry or break any current. 



Fig. 81. Universal Relay Without Auxiliary Contact 


When a relay circuit of this kind is employed the relay may have 
any number of poles, but since the pilot contact must connect the 
closing coil in series with the load, at least one line connection mus 
he permanently made to the load. If the load is completely isolated 
from the line, it is impossible for a single pole pilot contact to con¬ 
nect the closing coil in series with the load across the line. 

In Fig. 82, a double-pole relay is shown in a similar circuit. 
This relay is used to open any two wires of a 3-wire load. It may be 
used to control two wires of a 3-phase circuit or it may be used to 
open any two wires of a 3-wire single-phase circuit with neutral. 
Frequently in such circuits the neutral is grounded and it is common 
practice to connect the grounded neutral permanently the load 
and to employ this double-pole universal relay type A54BXA5U2 to 
open the two hot wires. 

Relays of this type are regularly insulated for 600 volts. At 
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reduced curren ts they are entirely suitable for such 

V1C0. 

H„°“ Uni T e | e ^ Ure 0f thi ® relay is that the trip coil is so placed tluii 
coof-^tc 11 - 6 * 10 ‘ surr °undmg the coil traverses the arc path at Hid 

bv 24 volts d°c th tS ar ' e tripp ?. < J ^en. When the trip coil is energizI 

energized with, let us say, 220 volts d-c, the magnetic field at 111 * 
the relay C dl tenSe &nd arCS &re bl ° Wn Strongly out ward away frol 

Care must be taken to make connections to the upper latch col 
OG m the proper manner when used on high voltage d-c, for if thl 
connections to this coil are reversed the arcs will be drawn into the coin 

When the relay is used on 110 to 220 volts a-c, no blow-out effccl 
is necessary to interrupt the arc and the power applied to the tnl 

littL Hiff, modera , t ? that no s t rol ?g blow-out effect occurs. It makeij 
aie revereed'or’not 6 ’ W ^ connections to the trip coil 





On high a-c voltages such as 440 or 550, the blow-out effect is 
noticeable and desirable. When this relay is used on 3-phase circuits, 

'u! 0 en , erglze trip coil so that the magnetic field 
surrounding the coil is out of phase with the current in the arcs at 

the contacts. 1 he arcs may be blown away from the coil during a 

■ p n™°n ofjthe cycle and drawn toward the coil during the remainder 

, n f tb r e f °, utward e fe ct predominates, the relay may be used success- 1 
luJly. li, however, the arc is drawn inward, trouble will result. Since 
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|| l( ; direction in which the arcs are blown in such a case depends to a 
|urge extent on the power factor of the load circuit, a very careful 
Iheoretical analysis of the circuit is necessary to assure satisfactory 

operation. 



Fig. 83. Latch Relay With Auxiliary Contacts 


Since the universal relays illustrated in Figs. 82 and 83 have 
their closing coils connected in series with the load, it is impractical 
to use them to control any small load where the voltage drop across 
the load might be sufficient to render the closing coil inoperative 
or, in other words, where the voltage drop across the closing coil 
would be low enough so that the load would be energized sub¬ 
stantially before the contact closed. 

For use in such circuits the relay should be modified by having an 
auxiliary contact mounted on the latch armature as shown in 
Fig. 83. With this arrangement, the coil that closes the contacts is 
deenergized by this auxiliary contact when the main contacts have 
closed and have latched into the closed position. As is the case with 
(he other universal relays, the latch coil may be connected so that it 
is automatically deenergized after it has performed its 1 unction 
when the main contacts open. 

As the auxiliary contacts used on relays of this type are generally 
rather light in construction, it is impractical to use an extremely 
strong trip coil which would overload these auxiliary contacts. 
Consequently, it is impractical to secure a very strong blowout effect 
resulting from leakage flux from the trip coil when this design is 
employed. In general for handling large loads it is somewhat pre¬ 
ferable to employ the relays as illustrated in Figs. 81 and 82, whereas, 
for small or variable loads, a relay such as shown in Fig. 83 is de¬ 
sirable. This auxiliary contact can be supplied on any of the two 
coil latch relays and its use is indicated by adding Feature Numbei 77 
to the relay type number, such as Relay A5HXX77. 
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Dual Control Sequence Domination I 

Frequently a relay or a relay combination is controlled by two 
independent pilot contacts. Sometimes these two pilots are in¬ 
corporated in a single device such as the instrument shown in Fig. 
14 so that they cannot conflict. In other cases, however, two pilots 
may be independently operated and these may transmit conflicting 
instructions to the relay. 1 


LOAD 



LOAD 



Fig. 84. Dual Control Sequence Domination With Two Relays 


Fig. 84 shows a relay combination of a type that might be used 
for motor reversing service. Relay R1 and relay R2 should never 
close simultaneously, and if there is any possibility that pilot 
A and pilot B will close simultaneously, it is necessary to design the 
circuit so that the relay will perform as desired in such an emergency. 
It is possible to arrange the circuit so that one pilot contact will 
always dominate the other. Then when there is any conflict, the 
relay will obey the dominant pilot and ignore the subordinate pilot. 
In this particular case the circuit has been laid out for sequence 
domination. The first pilot to close will operate a corresponding 
relay and closing of the other pilot will thereafter have no effect until 
the first pilot has reopened. This is so because the first relay to 
operate opens the coil circuit of the other relay. 

Often this same problem may be encountered in connection with 
the operation of a single relay. In Fig. 85, 1, two normally-open 
pilot contacts A and B are shown. Pilot A will control the relay in 
normal operation. Closure of this pilot will energize the relay and, 
when pilot A opens, the relay will be deenergized. Pilot B will 
prevent, pilot A from operating the relay, but the circuit is arranged 
so that the pilot contacts are related by sequence domination. In 
other words, the first of these to close will prevent the other pilot 
from functioning. If A closes when B is open the relay will pick up 
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imd subsequent closing of B will not affect the relay. If, however, 
It closes before A, subsequent closing of A will not affect the relay. 
\\ here it is desired that the closing of A should make a load circuit, 

I lie load should be connected at #1, whereas if it. is desired that 
cosine: of A should break a load, circuit connection should be made 

nt #2. 


There are many modifications of this type of sequence combina- 
I ion. In circuit Fig. 85, 2, for instance, normally-open pilot A operates 
I lie relay unless prevented by the opening of normally-closed pilot B. 
If B opens before A closes the closing of A will have no effect on the 
relay. However, if A closes before B opens, subsequent opening ol 
It will have no effect on the relay. Load connections #3 and #4 
permit a load to be either energized or deenergized by the closing 
of pilot A. 


Fig. 80, 1 illustrates a circuit which is more or less the reverse 
of the circuit shown in Fig. 85,2 in that controlling pilot A is normally- 
closed, and opens to energize the relay, whereas pilot B is normally- 
open and closes to prevent operation by pilot A. As in the previous 
case, the first pilot to operate renders the other pilot inoperative. 



Fig. 85, 1-2. Dual Control Sequence Domination with Single Relays 


Fig. 86, 2 is substantially the same as Fig. 86, 1, except that in 
Fig. 86, 2 the relay coil is energized when pilot contacts are in the 
normal position. As before, pilot contact A is normally-closed and 
pilot contact B is normally-open. The opening of pilot A will drop 
out the relay provided pilot B has not previously closed. If B closes 
while A is closed, subsequent opening of A will not affect the relay. 
In circuits Fig. 86, 1 and Fig. 86, 2, loads connected at #5 will be 
energized by the opening of pilot A and loads connected with #6 
will be deenergized by the opening of pilot A providing that, in each 
case, we assume pilot B has not closed to prevent control by pilot A. 
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#6 


*5 



*5 


*6 


Fig. 86, 1-2. Dual Control Sequence Domination with Single Relays 

r,;j F ! S 'A 87 ? h T? WS stiU another variation of this circuit in which 

the rela y provided that B is closed. If A opens before B opfns 

onens q th n °P e . nin S ° f B .wiU have no effect. If B opens before A 
wf/l ‘k °P eni . n g °[ A will be without effect. The load connected to 
Jo k e , nerglZl ^ b 7 ^ he ?P eDin S of A, whereas loads connected to 

nfrmits th, eenerg t ' ?ed b 7 °P enin S of A if - in each case, phot B 
permits the operation ol pilot A. 1 I 



#8 


#■7 



Fig. 87. Dual Control Sequence Domination with Single Relays 

• Tb< r fir * t P*. 10 * to operate dominates subsequent pilots in the several 
circuits showing sequence domination just described. This same type 
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nl domination may be extended to any number of pilots and an 
example of such domination is given in Figs. 122 and 123. Upon 
occasion it is desired that the last one of several pilots should dom¬ 
inate, and an example of such domination is shown in Fig. 121. 

Ground Detector Circuits 

Transmission lines are frequently operated ungrounded and in such 
cases it may be very desirable to detect an accidental ground on any 
ol t he several conductors even if the accidental ground has a very 
high resistance. There are numerous circuits available for detecting 
Much grounds. Two of the simplest are shown in Fig. 88. Each of 
I ho systems shown first involves the establishment of a neutral 
point in the transmission system. 


ungrounded Isingle phase LINE 


UNGROUNDED 


POLYPHASE 

LINE 


I Rl 


R2 


I Rl 


ri 

T TO ALARM 1 
CIRCUITS 


I' 


Fig. 88, 1-2. Ground Detector Circuits Single Phase Line 

and Polyphase Line 


In the case of a 2-wire system, as shown in Fig. 88, 1 the neutral 
joint is a midtap on a transformer primary winding. The two 
lalves of the transformer in this case should be carefully matched 
so that the tap has potential midway between the two wires of the 
t ransmission line. From this tap a connection is made through a d-c 
source, and through a sensitive relay coil Rl to ground. In this 
particular case the d-c source is a bridge type rectifier that is supplied 
by a low-voltage secondary of the transformer. 
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In Fig. 88, 2 a somewhat similar arrangement is shown. 
this case the circuit is modified as necessary to permit its use on m 
3-phase system. Three identical chokes C, D and E are Wye- 
connected to establish a neutral point. This neutral point is con¬ 
nected through the relay coil and a source of direct current to ground. 
In this, as in the other case, a rectifier may be used as the source of 
direct current to operate the ground detector relay. Also in this case, I 
the relay' Ill may be connected to an auxiliary relay similar to R2.1 
so that momentary operation of the ground detector relay will} 
result in a prolonged alarm signal. *" ■ 

If the lines are operated at comparatively low voltages, it is merely 
necessary to insert a lamp in place of the chokes A, B, C, D, and K ,1 
and the relative brilliance of the lamp will show the existence of a low 
resistance ground. Where high resistance grounds must be detected, 
however, lamps will give no indication, and relays must be employed! • 
The more sensitive the relay, the higher the resistance of the ground 
that it. will detect. I 

Increasing the voltage of the d-c source will likewise increase the 
sensitivity of the combination. In either circuit, Fig. 88, 1-2, relay 
R1 is usually one of the 112 series as shown in Chapter 4 and the 
relay is usually provided with a coil that will oDerate on a fraction I 
°f a milliampere. Such a relay as 112XAX will operate on 0.50 
milhamperes. This relay will operate on as little as 14.3 volts, 
but it will safely withstand a continuous voltage as high as 120 
volts d-c, and where this high degree of sensitivity is required, this ! 
combination has been found extremely satisfactory. ■ 
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HCL Instrument Controlled Double Lock-up Relays 


Fleet rical lock-up relay's such as those operated by' push buttons 
hi wire instruments are ordinarily supplied with an additional 
lurk up contact carried by the same armature that operates the main 
l«md contacts. Upon occasion, however, it is desirable to isolate 
completely the lock-up contact and its operating mechanism from 
I lie contact controlling the load. In this case the lock-up contact 
mid the load contact may be parts of separate relays. 


There are several advantages to be gained by divorcing these two 
I unci ions completely. Where the application involves severe shock 
or vibration conditions, it may be permissible to have the load 
run tacts moment arily jar opened or closed, but it may be disastrous 
il u shock locks up the relay when it should be unlocked or unlocks 
I lie relays when it should be locked. It is much simpler to build a light 
lock-up relay that is immune to shock than to build a heavy duty 
unit having similar characteristics. Furthermore, a single-pole relay, 
nice it need carry no insulation on its armature, can be more shock 
resistant than a double-pole relay. As a result, when two identical 
ingle-pole relays are used for lock-up and load, the combination 
w ill be more shock resistant than where a double-pole relay is employed. 



Fig. 89, 1-2. HCL. Instrument Controlled Double Lock Up Relays 


The use of two such relays will sometimes result in a saving in 
wire. It is usually necessary to connect the controlling pilot contacts 
to the lock-up relay with 3 wires and if the lock-up relay is located 
close to the pilot, these 3 wires need run only a short distance. Two 
wires will then connect the lock-up relays to the load relays which 
may be located some distance away. 

Quite often a small lock-up relay will cost less than an extra 
lock-up pole on a heavy duty relay or contactor. 
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W here the operation of a relay combination is controlled by two 

sets of normally-open contacts such as those encountered in an H0| 

3-wire instrument, it is customary to incorporate a resistor in i\l 

re ay circuit where a single relay is used. When a separate lock-nil 

relay is employed, however, one relay coil replaces the sepamh' 
resistor. 1 1 



Fig. 90, 1-2. Make and Break Instrument Controlled 

Double Lock Up Relays 


In Fig. 89, 1 relay R2 is the lock-up relay controlled by an HCL 
pi ot instrument. When the pilot closes C and L, the coils of relays 
K and Kz are connected in series with each other across the lino 
and both relays are energized. The relays may be separated by/ 
a considerable distance as indicated by the break in the lines con¬ 
necting them. The contact on relay R2 locks the relays in the ener¬ 
gized condition until the pilot instrument closes C to H. When this! 
occurs the coil of relay R2 will be short circuited and this relay will 
release. This will immediately deenergize the coils of both relays. In 

Inis oncuit, both the load and pilot circuit derive energy from the 
same line. 1 

In Fig. 89, 2 a similar circuit is shown except that the pilot circuit 

here derives its power from line #1, whereas the load is energized 
from line #2. j 

If the two relays employ identical coils, these should each be 
wound for'50 percent of the voltage of the line supplying the pilot 
circuit. It the coils differ greatly in power requirements so that,! 

6 re c01 .\ requires 10 times as much power as relay I 

coil R2, then the coil ot R1 may be rated to operate on full voltage 
and relay coil R2 becomes a current-operated coil that should 
operate on whatever current Rl requires. The voltage drop across! 
R2 will become negligible. When the two coils are not identical, but 
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• ill do not differ enough so that the voltage drop across one may be 
inured, it is necessary to employ the method shown on Page 55 to 
i. (ermine the characteristics, so that the voltage may be suitably 

divided between them. 

l- ig. 90, 1-2 show circuits similar to those already discussed except 
iIml the relays are arranged to be energized by the momentary 
. Iming of a normally-open pilot contact, but are released by the 
momentary opening of a normally-closed contact. 

All of the comments applying to the previous circuits also apply 
in these, except that this arrangement rarely requires a resistor 
, vi*n when the two contacts are incorporated on a single relay. 

I here fore, there is less saving in employing this scheme. All of the 
..Iher advantages of shock resistance and economy apply. Many 
vpes of relays can be combined in these circuits where the loads 

me small. 

A pair of sensitive relays, Type 112XAX as described on Page .152, 
limy be used. In other cases R2 may be a sensitive relay and Rl 
imiy be a large heavy duty unit such as those described on Pages 325, 
I'jri and 333. Frequently, for heavy duty service and more shock 
H'sistance, relay R2 may lie Type 101IIXX as described on Page 333, 
ini I relay Rl which handles the load may be identical or Type 
K12I1XX as listed on Page 333. 
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Chatter Eliminator (Thermal Delay) I 

There was some discussion in Chapter 2 on the matter of chattering 
of instrument contacts. Although chattering is usually considered | 
very rapid opening and closing of a pilot contact that might result 
from vibration of the instrument, there are other conditions whirl, 
make it desirable to slow down the response of a relay to pi Ini 
contacts even when the contacts only open and close at the rate M 
several times a minute. Examples of this latter instance occur in t be 
case of pressure-operated pilot contacts operating in hydraulB 
systems that are subject to water hammer, and they are also ri. 
countered in compressor control circuits where surges may caung 
opening and closing of the pilot contacts, and it is only desired In 
start the compressor in the case of a sustained drop in pressure. I 

In order to eliminate such chatter, circuits have been developed 
that integrate or sum up the total time the pilot contacts are closed 
and the total time they are open. Thus the controlled relay only 
responds to sustained operation of the pilot contacts. Since many 
timers and particularly thermal timers operate their contacts slowly 
and may therefore introduce chatter themselves under conditions [if 
severe vibration, it is essential that a satisfactory circuit not only 
eliminate chatter originated by the pilot contact, but also refrain 
from introducing any additional chatter. | 


Tl 


T2 


R3 


R4 


RI 


R2 


L0AD*1 


L0AD*2 


Fig. 91. Chatter Eliminator—Thermal Delay Driven 


A combination of a thermal relay and an electromagnetic relay 
is shown in the elementary diagram Fig. 91. The thermal relay 
has a heater T, and two normally-open contacts. When power is 
applied to T, after a suitable delay, normally-open contact Tl close 
and continued application of power to T closes contact T2 shortl 
thereafter. The electromagnet has a coil shown at R. It has double 
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mile double-throw contacts. Normally-open contact RI and 
normally-closed contact R2 form one pole, and normally-open 
contactR3 and normally-closed contact R4 form the other pole. 

When the pilot contacts indicated by the arrow heads close, 
power is fed through R2 to the heater T. The instrument contacts 
may chatter but if they are closed for more than 50 per cent of the 
I mie, T will heat sufficiently to close contact 11. Control is then 

1,11 continue to function. T will become hotter and T2 will close 
This will apply power to R, closing RI and R3 and opening R2 and 
|{ I Load #1 which was deenergized will be energized; load #2 w Inch 
was energized will become deenergized, and power will no longer be 
applied to heater T, which will start to cool. Contact 12 will then 

open and, somewhat later, Tl will open. 

If, after chattering, the pilot contacts are finally closed solidly, 
relay R will remain energized through its contact RI and the instru¬ 
ment. If, on the other hand, the pilot contacts have now opened 
relay R will return to its normal position deenergizing load #1 and 
energizing load #2. If the pilot contacts are still chattering, the 
thermal relay will continue to go through its cycle alternately 
energizing and deenergizing relay R at a much slower rate than the 

chatter of the instrument contacts. 

This circuit, as shown, has two loads. One of these is energized 
and one is deenergized indirectly by the closing of the phot contacts. 
Where only one load is to be controlled, the other may be omitted. 
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Chatter Eliminator (Motor Driven) 

of. r ,o, • ftssisyiir k 

capaei or C is inserted in the circuit as shown The value otthi 
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nected in the position shown. Assuming that toe motor CO nsu* 

substantially larger load assurer th*» mra™. • • atts. A 
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Fig. 92. Chatter Eliminator—Motor Dri 
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time' E!!°S' contact P may chatter. If contact A is open, every 

sEnted ,™ “ P ” it0r “ COmb "“ ti <>" ■ 

H - 1 / the pilot contact chatters, the motor will rotate during the time 
this contact is open and will be at rest during the time it is dosoTI 
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% 

The speed of rotation of the cam is governed by the proper selection 
of gearing. The cam as shown has a raised section extending about 
f>5% around its perimeter. If, with this cam, the motor is geared to 
rotate the cam one revolution in 100 seconds, pilot contact P will 
have to close a total of 55 seconds in order to close contact A and 
will then have to open a total of 45 seconds in order to open contact A. 

Hy varying the proportions of the cam, it is possible to have equal 
delay in the opening and closing of contact A or it is possible to have 
llie major delay occur in one direction, and very rapid operation occur 
in the other direction. A fixed cam can be cut as specified or an adjust¬ 
able cam is available that consists of two segments which may either 
In* folded over each other or fanned out to increase the percentage of 
I lie raised portion of the cam. 

This application presents a very interesting and unusual method 
of employing a standard APSY1 timer as described on Page 365. 

The condenser C used in the circuit should be determined by the 
use of a very high resistance voltmeter to measure the voltage across 
M, while various condensers are tried in the circuit. The value of C 
is not critical, and the nearest stock capacitor to the ideal should be 
used. Whenever it is found necessary to depart widely from the ideal 
value, it is preferable to use a capacitor with less than the ideal 
capacitance in order to avoid the flow of excessive currents through 
pilot contact P. 
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Low Voltage Instruments Applied to A-C Circuits I 

Practically all of the circuits involving pilot instruments included 
in this chapter show the instruments operated on full line voltage, 
In many cases instruments are employed that do not have sufficient 
insulation to make them suitable for operation on line voltage. H 
such cases it is necessary to supply lower voltage to the circuit con 
trolling the relay. I his reduced voltage may be necessary eithri 
to protect the instrument itself or to avoid the possibility of injury 

to personnel coming in contact with the instrument as when ail* 
justing it. J 

Fig. 93 illustrates six different pilot instrument circuits. Circuil 
#1 is controlled directly by a 2-wire, normally-open pilot. Circuil 
#2 is almost identical except that the pilot instrument is shown 
with normally-closed contacts. Circuit #3 illustrates a high-common- 
low type of instrument. jl 

Where either a normally-open or a normally-closed, 2-wire, low- 
voltage instrument must control a high-voltage circuit, the arrange- 
ment shown in #4 may be employed. The transformer supplies tin* 
low voltage to the instrument circuit, and this circuit, in turn, w 
completely isolated from the relay contact circuit. If this high- 
voltage relay contact circuit is to replace the circuit shown in # I, 

I then the terminals C and H should be employed. In order to replace 

| the circuit shown in #2, the terminals C and L should be employed! 

or, to replace the circuit shown in #3, the terminals H, C and L an¬ 
al 1 used. 1 

The circuit shown in #5 illustrates the manner in which a low 
voltage, high-common-low instrument may be connected into 
the controlled circuit while the low-voltage circuits are completely 
isolated from the high voltage circuits. 1 

NOTE. In this circuit , the step down transformer has its secondary 

shorted in order to drop out the relay and , as a result , a transformer I 

should be selected having enough impedance to limit its short circuit 

current to a value that can be tolerated by the instrument contact. ( 

Circuit #6 shown on the same drawing illustrates the method in 

which a make-and-break type of low-voltage pilot instrument is used 
to control a relay. ■ 

. It js always assumed that a 2-wire instrument, as employed in 
circuit #4, operates with snap action, so that the contacts do not 
chatter. It is further assumed that instruments as shown in circuits 

#5 and #6 may chatter and, therefore, the relay circuit is arranged 
to eliminate this difficulty. I 

When a load circuit is arranged to be controlled by a make-and- 
break instrument, such as that shown in circuit #6, it is always 

I • • * I. - . a 2-wire, snap-action instrument as shown in 

circuit # 1 since, where no chatter occurs in the instrument, the 
holding contact may be ignored and the common and pick-up leads 
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Fig. 93. Low Voltage Instrument—A-C Auxiliaries 
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Fig. 94. Low Voltage Instrument—D-C Auxiliaries 
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may be supplied with power through the 2-wire, snap-action 
Instrument. 

The transformers used on such circuits should be capable of 
..applying ample power to take care of the inrush requirements oi the 

relay coil. 

Low Voltage Instruments Applied to D-C Circuits 

\t times it is desirable to employ low voltage instruments in con¬ 
nection with a direct-current operated circuit. In such cases it is 
impossible to use a transformer in order to isolate the low voltage 
circuit completely from the high voltage supply line. It is essential to 
connect the equipment to the line so that the grounded side or the 
line will always be connected to the low voltage instrument. Where 
equipment is semi-portable in nature, and is connected by a plug-in 
receptacle, it is possible that the plug will be reversed and thus 
connect the instrument to the hot side of the line, which makes this 
arrangement undesirable. In any case involving Underwriters 
approval, that organization should be consulted before any circuit is 
employed that utilizes a metallic connection between high and low 

voltage portions. 

The circuits shown in Fig. 94 employ every precaution to avoid 
injury to the low voltage pilot instruments or to operating personnel. 
In every case, one terminal of the low voltage pilot instrument 
js connected directly to the grounded side of the line, and the 
low voltage required for operation of the relay is obtained across 
i lie low voltage end of a potentiometer shunted across the line. 
It would only be possible to get a high voltage into the low voltage 
circuit in case the shunting resistor opened the circuit while the 
contact of the instrument was open. Therefore every precaution 
should be taken to make sure that the low voltage section oi the 
potentiometer has ample capacity so that it will not burn out or 
open up in service, and all connections to this resistor should be made 

mechanically and electrically secure. 

In circuit #2, where the low voltage supply is short circuited in 
order to drop out the relay, there will be a brief flow of current 
through the contact of the pilot instrument until the relay has 
dropped open. In this case the resistors that supply the low voltage 
power should have sufficient resistance to limit the short circuit 
current to a value sufficiently low to be tolerated by the instrument 

contacts. 

In other respects, circuits #1, #2 and #3 in lig. 94 are similar to 
circuits #4, #5 and #6 in Fig. 93. 
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Throttling Circuits I 

In electrical resistance heat applications, particularly where tin 
power supply is polyphase, it is possible to secure a variety of differcnl 
watt ages with the same group of heater elements. For several reasont 
it is desirable to change the connections to the several elements ratlin 
than to control the heating by turning all of the elements on and oil 
simultaneously. If one or two of the elements are turned off whiM 
the remaining elements are left with full power applied, the heJ 
distribution is often unsatisfactory, whereas if all of the units urr 
turned on and oil not only is the lile ol the elements shortened, bill 
temperature variations are exaggerated. ■ 
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Fig. 95. Fundamental Delta-Wye Circuits 


I ig 95 illustrates the six different methods of connection which 
may be employed in supplying 3-phase power to three identical 
heating elements. Table 14 on Page 171 shows the percentage 
ot maximum wattage developed with each of the six combinations. 
It will be noted that A and D give perfect heat distribution. Each 
also results in a completely balanced load. The connection shown in 

170 I 


INSTRU ment controlled circuits 

TABLE 14 

POWER RATIO FOR VARIOUS CONNECTIONS 


Connection 

A Delta. 

M Open delta... 

fi Single phase series—parallel. 

I) Wye. 

I Single phase series. 

I Single phase. 


It is a partial balanced load condition, and the condition shown in C 
results in some degree of uniformity of heat distribution. I and 1 ) 
uive the same total heat output. The switching necessary to secure 
l he circuit shown in F is somewhat simpler, and this arrangement 
might be preferred in some special case where non-uniform distribu¬ 
tion is considered desirable. The most usual, combination| involve® 

accomplished by means of a single relay R3 as shown in diagram 



Fig. 96. Delta-Wye Transfer Relay 


Fig. 96. When relay R3 is energized, the heater elements are con¬ 
nected Delta and 100% of rated wattage is developed. When 
the relay is deenergized the elements are connected Wye and 66/ 0 
of rated capacity is developed. 


Percentage 

Wattage 

100 

67 

50 

33 

17 

33 
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Fig. 97 shows three relays which when selectively energized will 
give any of the six combinations shown in Fig. 95. ■ 

This fundamental circuit may be simplified where all of the several 

combinations are not required. Relay R1 may be omitted if onlv 

A, B and D connections are required. Relay R3 may be omitted if 

permanent Delta connections have been made and~ it is intended 

merely to use circuit A, B and C, or if permanent Wye connectiona 

are required and it is intended only to use connections D and K, 

rig. 98 shows the relays with R3 omitted and with permanent 

Delta connections. When relays Rl and R2 are both energized 

the result is the complete Delta shown in A. When relay R2 alone 

is energized, we have the single phase series parallel connection shown 
in C. 1 




I 
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Fig. 97. Six Step Delta-Wye Combination 


L nder some conditions it may be desirable to secure wattage 
percentages other than those listed in Table 15. For this purpose 
the three heater elements X, Y and Z may have different ratings For 
simplicity we have assumed heater element X is 1 kilowatt and the 
eitect on the total power of varying the rating of elements Y and Z 
is shown in Table 16 on Page 171. 

In connection with applications involving thermostatically con¬ 
trolled resistance heating elements, it is frequently desirable to 
secure a rapid initial heating and, thereafter, to maintain the desired 

172 


INST RUMENT CONTROLLED CIRCUITS __ 

Icmperature by switching back and forth between two lower levels of 
heat input. Such an application involves three heating levels, the 

l,, v( .|s are to the heat input that would exactly maintain the desired 
Icmperature, the more uniform will the temperature remain. 


TABLE 15 

EXPLANATION OF FIG. 97 


Connection 


Close Relay 

R-1, R-2, R-3 
R-1, R-3 
R-2, R-3 
R-1, R-2 
None 

R-3 


Percentage 

Wattage 

100 

67 

50 

33 

17 

33 


Rl 


R2 


Fig. 98. Delta Throttling Circuit 


In Fig. 99 is showo a three wim HCUconU^l-g mstrument 
!:ycle e is first° started fine switch S is closed. This energizes relay 
will be energized until the controlling instmment makes contact 

from C to H. When this occurs, relays Rl and R.i are 

relay Rl will be reclosed. From this point onward relay R3 remains 
open, but the position of Rl is controlled by the instrument. 

Load contacts are omitted in the relays> *own in Kg 99. Th^ 
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Hg. 99. Fundamental Throttling Circuit 
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TABLE 16 

EXPLANATION OF FIG. 98 


Circuit Relative Heater 


Relay Position 



X 

Y 

Z 

A 




B 




C 

1 

1 

1 

F 


A 




B 




C 

1 

2 

2 


Rl 

Closed 

Closed 

Open 

Open 

Closed 

Closed 

Open 

Open 

Closed 

Closed 

Open 

Open 

Closed 

Closed 

Open 

Open 


R2 


Total Power Percent of I 
___ Maximum Power 


Closed 

Open 

Closed 

Open 

3 

2 

1.5 

1 

100 

67 

50 

33 

Closed 

Open 

Closed 

Open 

5 

4 

2.33 

2 

100 

80 

47 

40 

Closed 

Open 

Closed 

Open 

4 

3 

2.5 

2 

100 

75 

63 

50 

Closed 

5 

100 

80 

70 

60 

Open 

Closed 

Open 

4 

3.5 

3 
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liral absorption. Conversely, the wattage input at the medium 
level should be high enough so that the temperature will be increased 
under conditions of minimum line voltage, minimum ambient 
Icmpcrature and under all conditions of heat absorption. 



Fig. 100. Three Phase Throttling Circuit 


Fig. 100 shows a similar combination involving fast heating and 
throttling to maintain the desired temperature. In this figure 
the cycle is started by closing the three-phase manual line switch, 
and by operating the push button. With this arrangement, fast 
initial heating is accomplished by means of a full Delta connection 
as shown in Fig. 95(A). Slow heating is accomplished with relay R3 
deenergized which provides a Wye connection, and slow cooling is 
accomplished with single-phase open Wye connections as shown 
in Fig. 95(A). 

Although single phase is somewhat less flexible than three phase, 
it is possible to secure three different degrees of heating with such a 
system. If all elements have the same rating we can secure a combi¬ 
nation of 100% for fast heating, 44% for slow heating, and 22% 
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Fig. 101 . Single Phase Throttling Circuit 
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100 % 


44 % 


22 % 


Fig. 102. Fundamental Series Parallel Circuit 


Typical relays for this service are Types A8HXX, 84XCX, 8BXX 
and 8HXDX. 
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Multiple Use Control Lines 


One of the most important functions of relays is to provide a mean 
of controlling various operations of electrical equipment from 1 

frnm O tK P0l i t ' At U J^ eS the P olnt P f COI ^rol may be very far distanl 
n the relays, and in such cases it becomes imperative to eliminate 

relays! 11160688 ^ 7 C ° ntro1 wires between the point of control and the 


There are many methods of combining relays or of combining oni 
more relays with various types of auxiliary equipment in such a 
way as to permit a single pair of wires to control the position of 
^\ more con tacts than would be possible without employing these 
pea means. Some of the methods are extremely simple permitting 

nrlr S tn° f ordln f Y-' nd ™ trial type relays throughout" whe^ iS 

equipment is < necessary\ 1 ° re COm ' ,licated result *> «*>« complicated 


An outstanding example of such remote multiple control is the 
ordinary dial telephone, which enables the user to establish con 
nections to any one of hundreds of thousands of other telephones hv 

r jrj p «' atl0n of the diaL A com Plete discussion offi Tquil 

control schemes are commonly used in industrial application™ well 
as in connection with remote power switching. Typical circuits and 
equipment for some of the most popular of these combinations foiw! 


When it is necessary to select remotely either one of two relavs 
there are several practical means by which this can be done The 
control requires that either two wires, or one wire and ground link 
the controlling point or transmitter to the two relays to b?controlled 

1 i i « 


Perhaps the simplest case is shown in Fig. 103. At the trans 

“ect theTonlnJ 1 ,8 t sh TP at the left > Provisions are made to con¬ 
nect the control wire to either an a-c or d-c source of power When 

fat the n ri°htr re 1? dlsco I m ® ct *d both relays, at the receiving end 
(at the right) are deenergized. If the control wire is connected to the 

-c supply, the high impedance ol the d-c coil prevents the d-c relay 




high 
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forward relay reverse relay 


Fig. 103. A-c, d-c Selective Circuit 
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from operating. However, a condenser in series with the a-c coil 
I ransmits the alternating current to the other coil and causes the a-c 

relay to operate. 

The combination might control a motor, and this a-c relay could 
l.ave its contacts connected to run the motor in a forward direction. 
\s long as the switch at the transmitter is connected to the a-c supply 

nlitter is connected to the d-c source, the control lme-which is 
shown broken to indicate that it may be very long—will cairy direct 
current to the relay combination. The condenser prevents this cui- 
rent from flowing through the coil ot the a-c relay, but theic is 
nothing to prevent the current from flowing through the d-c ielay, 
which would become energized. This relay might have its contacts 
connected to run the same motor in the reverse direction. 



Fig. 104. A-c, d-c Pulse Circuit 


In some cases it may be desirable to opeirate relays by meansi of 
brief impulses. In such a case the a-c coil might be the closing coi 
on a latch type relay, and the d-c coil would be the PPf™* 

pushTuttons y are indicated at the transmitting end to furmsh 
the brief impulses needed to open and close the relay. 

Fig 105 illustrates a combination that is voltage selective. Such 
a system may operate from either alternating or direct current. 

In this case alternating current isTurnished at twe’voltage: levels 
from the transformer in the transmitter. If the left hand push butto 
s operated low voltage is applied to the relay combination over the 
control wire If the right hand push button is operated, high voltage 
k applied to the relay combination. The low voltage furnished from 
the tap on the transformer is not enough to operate the high voltage 

operate the high-voltage relay which in operating will disconnect the 
bw voltage relay from the control line. With this arrangement, high 
voltage iif momentarily applied to the coil of the low-voltage relay. 
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operation of Yhe 1 ow-voltage" "Jay™ Wh/ esult / r ® n | a momentary 

inertia by employing a relay such as r< r.w led by means °* 

relays as described in Chapter 4 " f the PW or PF series of 

is direct current,Tt7spL P Me r to^electth tlng l SUC K a selective circuit 

and Fie. 107 illustrafp e applied to the control line. Fig. 106 

polarity of the control lines They awi ^ ethod :L of controllin 6 the 

the polarity of the control line. 8 d °P erate ln accordance with 

switch’s Kanfeito 1 change" fhfnola rd Wh j C \ a doubl e-throw 

contect inarily arran « ed t0 havenermalfen'cZfaTts Th° h relays 

is positive, and it swlngs lothor W ^ en the contro1 HnS 

disconnected. “ * position when the control line is 

2-coil Iatch 8 relay de The'fekyiteelf’mav if larized impulse-operated, 

in Chapter 6. y dlSC type ' Such rectifiers are described 

is connected 1 to"groumf 'and The negative end of the battery 

w,e. When it reacLs the £&£ JSSSSSA 
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iii|i coil of the relay will remain deenergized. The current, how r ever, 
t it 11 How downward through the low'er element of the rectifier and 
I.. there through the relay coil to ground. This will close the relay. 

When the other push button PB2 is operated, the positive battery 
terminal will be connected to ground and the negative to the control 
wire. Current will attempt to flow from the relay to the battery 
nver the control wire. It cannot flow upward through the rectifier 
mill, and therefore the lower closing coil of the relay will remain 
deenergized. The current, however, can flow downward through the 
leelifier, as indicated by the arrow head of the rectifier symbol. 
I Inis, current will flow from the ground through the trip coil and back 
In lhe battery, which will release the relay, permitting its contacts 
Id open. 



Fig. 106. Polarized Relay Circuit, Polarized Impulse Circuit 


In the previous cases, the source of direct current for operating 
I he relays varied in polarity but was constant in magnitude. Fig. 
107 illustrates a bridge circuit that forms a source of varying polarity 
and voltage. 

If the movable point B is transferred to the left, the control wire 
to the. relay will be positive with respect to ground. Conversely, if 
the movable point B is transferred from its position at the left to a 
position at the right, the potential of the control wire will decrease 
from its original positive form through zero and it will become in¬ 
creasingly negative with respect to ground as B is moved farther to 
the right. 

When the control wire is positive, current will flow from the control 
to the relays over the control wire, and it will be unable to flow 
through the upper rectifier unit. Coil R3 will therefore be blocked 
while coil R4 will receive current and the left hand relay will be 
energized. * 
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Fig ' 107 ‘ Circuit Polarized by Rectifiers 

make the controMine negative' P ? mt -.?j s taken to the right to 

the left through the control wire to the " ( T fr0m the "As to 

lf any, potential. ta and the control wire has little, 

one of the relays wnTX^determi’ne^bv^h^’ ? eces * al 7 to operato 
battery supplying current to the bridge. d by th ® volta S e of the 

can A be ^ Wr l in Fig ' 106 or Fi «- 107 

shown in these figure S P y ° the three re,a y combinations 
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Remote Control 



ridge Circuit 


A multiple armed bridge circuit such as the one shown in Fig. 108 
(ms certain advantages where it is desired to control the position 
ill any one relay of a group over a single pair of control wires. Since 
hi it * of the control wires is common to one side of the voltage supply 
il is often possible to run merely a single control lead. 

The system operates equally well on either alternating or direct 
current. The relays are not of the critical marginal type as they drop 
opm when the voltage on their coils is substantially zero, and they 
receive considerable voltage to pick them up. 


In operation, the switch in the control unit may be placed at 
position X causing all the relays to pick up by completely unbalan¬ 
cing the bridge whereas any one of the relays may be dropped out as 
Hclected by turning the switch to the corresponding point. 


The various resistors should have a value that is quite high com¬ 
pared to the resistance of the control leads Y and Z so that the resist¬ 
ance of these leads may be considered negligible. In turn the im¬ 
pedance of relay coils A, B, C, and D should be quite high compared 
with the several resistors to prevent any reaction from the coils back 

into the bridge circuit. 


R4 


R3 


R2 



I 

» 


Typical values are as follows: 

Y or Z each = 10 ohms or less R 5 = Re = Rt = 200 ohms 

R T = 300 ohms R 8 = R 9 = 400 ohms 

r 2 = r 3 = R 4 = 100 ohms A = B = C = D = 5000 ohms or more 
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relS'coU B^The^ipper 6 T !? alanced '«* 

&t^O + o^% 0t r , The 


conlinuous y aBrvice^t ^volt^^'^VCTtjTimes*^?! 11 ^* b,: - suitabk f '»’ 

secure the high value of coil rL.i.nl ther sensitive in order to 
current from upsetting the bridge balance^" 7 t0 prevent the coil 


d-c^icaSonht^i^cuT iCUla ^ We " Suited for either a-c or 

bSt^wh^ the USe ° f high distance 
consequencefower Sfi*of reduce ta ° f " ttlu 

bytaSsinlmf/oIttr 11 ** performaa ^ is entirely unaffected 

ar^o^trolle^the^esistance^tens^^irl f h f re more than 4 relays 

equal as assumed in this c^e. P “ bC logarithmic ™tead of 
the^ g coinLt1rto n le1oTtr t oned C ?omr t T, 0f q t , h f S6Veral «**» «« 

the control unit. * ne is selectively deenergized by 




arm; 


'insu 


4 -pinn/ii-j 


tN'M'lf 




Fig. 109. Bridge Selector Circuit 
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Hridge Selector Circuit 

The bridge circuit shown in Fig. 109 differs in several respects 
from the one shown in Fig. 108. The control unit in Fig. 108 con- 
nists of several resistors connected in series. These are always 
connected in circuit in a predetermined order so that, every time 
llie selector switch is moved from one position to an adjoining 
position, the resistance in the circuit may be changed by a fixed per- 
rentage. This arrangement is to be preferred when the positions 
of the relays A, B, C and D are to be determined by the exact position 
of the switch. 

In Fig. 109, however, we have a circuit ideally suited to operate 
when some definite number of the switches have been closed. By 
proper selection of the various resistors, it is possible to balance 
bridge arms A, B, E, G so that, with one switch closed, relay R1 
will be deenergized and this relay will be energized whenever less 
Ilian one or more than one of the switches are closed. Similarly it is 
possible to balance bridge C, D, E, G so that relay R2 will be de¬ 
energized whenever any two of the switches are closed but will be 
energized due to unbalance of the bridge whenever more than two 
or less than two of the switches are closed. 

An additional resistor—F—is shown in the circuit. This resistor 
will have the effect of limiting the decrease in resistance of the G 
win of the bridge regardless of how many switches have closed, 
by proper select ion of the values of F and G, we can have the bridge 
approximately balanced whenever two or more of the several switches 
are closed but unbalanced when all the switches are open or when 
only one of the switches is closed. 

The bridge arms A, B or C, D may be repeated to secure the opera- 
I ion of additional relays R3 and R4, not shown. 

As in the preceding bridge circuit, the arrangement in Fig. 109 
should employ comparatively sensitive relays capable of standing the 
continuous application of currents considerably greater than may be 
required to operate them. The relays need not be of the marginal 
type as they are expected to close and hold closed whenever ener¬ 
gized and to drop open when deenergized, due to balancing of the 
bridge. Since marginal operation is unnecessary, these relays may be 
extremely fast in operation. Although the circuit is shown receiving 
its power from a battery, the principles involved may be extended 
to cover alternating-current operated applications. 

Although five resistors, Gl, G2, G3, G4 and G5, are shown, this 
number may be reduced or may be extended indefinitely by extending 
buses X and Y. 

Relays such as type 112XAX or 29XAX, as listed in Chapter 4 
are entirely suitable for this application. 
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Phantom 1 

In connection with those applications wherein it is necessary in 
control distant relays with a minimum number of control wires j] 
may at times be possible to use a circuit common in telegraph 
practice and which is also occasionally used in telephone work. Tlun 
arrangement is known as a phantom circuit and is shown in Fill 
110. 1 here are two independent pairs of wires that may be traiiM. 
mitting voice current or a-c power current. At the transmitting end 
and again at the receiving end of these two pairs of wires, a midpoint 
is established for use in the phantom circuit. These midpoints may 
be established by means of center-tapped chokes as shown. In order 
tor the circuit to be operative, there must be no connection at either 

the transmitting end or the receiving end between one pair of wire* 
and the other pair. l| 


TELEPHONE OR AC POWER LINE #1 


C.T. CHOKE 


CONTROI 


LOAD 



TELEPHONE OR AC POWER LINE +2 
COMPLETELY ISOLATED FROM 

=#= I LINE 


C.T. CHOKE 


Fig. 110. Phantom 


In case, for instance, one side of each line is grounded, as shown 
by the grounding symbols, at the left side of the circuit, it becomes 
necessary to insert an insulating transformer as indicated in the 
ower left hand corner of the figure to isolate the transmission wires 
from this ground connection which would otherwise tie the lower wire 
ol I he upper pair to the lower wire of the bottom pair. 

Few other precautions are necessary where wires are merely used 
to carry power circuits. When the wires are used to carry telephone 
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circuits it may be necessary to employ insulating transformers at all 
ends, oi to take such other steps as are required to prevent 
ilii' control unit from introducing ‘‘clicks into the cncuits. 

The true phantom circuit as shown in Fig. 110 is seldom used m 
industrial relay applications. 





Fig. 111. Semi-phantom Selective Circuit (Single Phase) 


Semi-Phantom 

The so-called semi-phantom circuit utilizes a single control wire 
in connection with the two or three wires carrying the single phase 

selectively energizing either one of two relays by means ol a single 
control wore without depending on ground return. Such a circuit is 
particularly valuable in connection with unmanned, troiley-operated 

equipment every control wire involves the use of a separately 

moving equipment. The savings resulting from eliminating the 
wire will pay for the necessary relays many times over. 

The relay combination employs two identical units with their 
coils connected in series across the - The operating 

close and hold closed as long as full line voltage is i^ iti3 cod 
but it must open and remain open when its coil is connected in serie 

with the other similar coil. When the control is ° peI |drcner- 

gized When the control switch is thrown to one side, one of the relay 
coils is short circuited permitting the other coil to receive full 
voltage In the usual application, the contacts of one relay art 
arranged to connect a motor to the line in a -er to « 

in reverse. When neither relay is energized the motoi is eit ner uis 
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connected or, in some cases, it may be dynamically braked by 
appropriate auxiliary contacts on the relays. 1 

W here the load is supplied by 3-phase power, a pair of relays mav 
be controlled in a simi ar manner if the coils of the two relays are 
connected in series with each other across one pair of phase wires 
and the midpoint between the two relay coils is brought out by means 
of a single control wire to the controlling switch. In either cased 
several pairs of relays may be similarly controlled if a separate 
contiol wire is brought out for each pair of relays. ( 


lineIb 


I R I 


I R 2 


J R 3 


X » 


CONTROL LEAO 


Fig. 112. Semi-phantom Selective Circuit (Three Phase) 


nf I ^,L 3 ' P i laSe, i 3_Wire circi J it ’ lt is also Possible to operate any one 

I his modification is shown in Fig. 112. The relays for this ap- 
plication are connected in Wye, and the common connection to 

the ZSL? 3 ^ C 01 l S 18 brought out to the external control through 

tW tT* Wlr6 ' F ° r Serv , lce the rela y s shouId be adjusted so 
that they are energized when they are Wye connected. Their coils 

should not overheat when full phase voltage is applied. 

In this case when it is desired to control one of the three relays 
the relay coil is short circuited by connecting the control wire to the 
pioper phase lead, I his will deenergize the one relay that is to be 
controlled. Thus the normally-closed contacts on this relay will 
assume their normal position, and thereby energize any load By 

C0nt i r01 lead to any one of the three P hase leads, any 
contacts re kyS mRy be deener S ized and made to close its 

In an application such as this, it is necessary to know the definition 

of v!fi PreS - S1 ?u n °-I na P osltlon ” of a r elay. The normal position 
of any relay is the position it assumes when its coil is deenergized. In 
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llns particular application the relay coils are energized at all times 
,,,,'ept when one of them is operated by short circuiting its coil, and 
I lie controlled position and the normal position are identical. 

The relays required for the circuits shown in Figs 111 and 112 
MV substantially standard units. The Number 8 and Number 84 
Meries as described in Chapter 4 are commonly employed in such 
irrvice When relays are to be used in such service they should be 
provided with a special adjustment at the factory to assure absolutely 

ilcpendable performance. 

Multiple Control—Frequency Selection 

In Fig. 103 a method was shown for selectively controlling two 
relays by means of transmitting either a-c or d-c current over a 
control wire. A somewhat similar scheme can be used to operate two 
more relays selectively by transmitting various frequencies over a 

control wire. 

In Fig 113 a transmitter is shown at the left. It consists of a 
high-frequency* generator and a low-frequency generator, switch b 
I,ring provided to permit the control line to be connected to either 

power source. 



Fig. 113. Multiple Control—Frequency Selection 


The receiving end is shown at the right. This consists of two 
relays each preceded by a filter. Relay R1 receives power through a 
high-pass filter and relay R2 receives its power through a low-pass 
filter Both filters are T type. For such an arrangement 1 filters are 
preferable to ir filters as they do not shunt directly to ground 
(hose frequencies which they do not pass. 1 hus they make it possible 
to operate both relays simultaneously if the two operating frequencies 

are superimposed. 
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Kil 


, 114 a somewliat sim ilar arrangement is shown. HeJ 

into n ^ ^ SerieS * The ° UtpUt ° f eaCh fiItCr 18 M 

consists of two oscillators, the outputs of which are mixed ini 
o?hor UI M tUbe -f t k* prevent ° ne osc,llator from interacting with tflo 
la tors are individually controlled. 



Fig. 114. Multiple Control—Frequency Selection 


In any circuit like this, involving the separation of various frequen-l 
rehtvf fi terS ’ n 1S usu . al, y very desirable to employ sensitive 

the filter elements become quite expensive as saturation of the reac-J 
tors must be avoided It is usually less expensive to employ sensitive 

n nvid ( a, ! d fiU have f thes . e ^lays turn control heavier units than to 
provide a filter network that will maintain its characteristics when 

directly. ^ ^ CUrrent required to han dle heavier contactors 

Although Fig 113 and Fig. 114 are both shown with high pass 

filt ? rs . so th at the systems provide for the control of 
only two relays it is practicable m each case to control additional 
relays by including band pass filters. 

Where the alternating current is applied to the relay coil without 
t?eJw Ca f tl0n ’ aS m F' S ' 113 ’, therc ls a definite upper limit of prac- 

nefic sWtnr ncy f ^ Caus f los ? es due to eddy currents i n the mag¬ 
netic structure of the relay increase rapidly as the frequency is 

increased. Therefore, when there is no rectifier between the filter 
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mill the relay, best results are obtained when the upper frequency 
|m not more than 100 cycles. 

Relays are regularly built to operate on frequencies as low as 16^ 
eyries. Struthers-Dunn Relay 29XAX02, which was designed for 
telephone ringing service, is typical. Where several frequencies are 
In be employed in such service, there are generally definite limits as 
In the maximum and minimum frequencies that can be used. 1 he 
choice of the particular frequencies to be used should be determined 

|»y the formula: 



Where: 

M is the multiplier 

n is the number of frequencies to be transmitted 
Fi is the lowest frequency 
F 2 is the highest frequency 

Then, the several frequencies that are employed will be F x , MF b 

M’Fi,.M nl Fi = F*. 

This will assure an even distribution of frequencies throughout 
the available range. 
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Progressive Lock and Unlock Relay Group I 

Upon occasion a circuit may be required that will permit a number 
of relays to be closed or opened in a definite sequence. Such applied 
tions are encountered in connection with multiple-step motui 
speed controls, transformer tap switching, and occasionally in cQiJ 
nection with the remote control of complicated processes. I 

Fig. 115 shows an elementary circuit in which two push button* 
control the position of numerous pairs of relays of which Rl and 
R2, R3 and R4, R5 and Rfi represent the first three. As shown, 
the odd numbered relays have a single, normally-open contact A, 
and the even numbered relays are double-pole, double-throw having 
contacts B, C, D, and E. The diagram shows the several relays with 
only their interlocking contacts. Additional contacts for control 
of external loads are also required, and the nature of these will 
depend upon the requirements of the load circuit. • 1 



Fig. 115. Elementary Diagram of Progressive Lock 

and Unlock Relay Group 


Two push buttons FBI and PB2 may be used to control the 
relays, or any other type of contacts may be used, although provision 
should be made to prevent PB1 and PB2 from closing simultaneously. 

In operation, when PB1 is closed, relay Rl is energized. When 
PB1 reopens, relay Rl remains energized and relay R2 becomes 
energized. When PB1 is again closed, relay R3 becomes energized, 
and when PB1 again reopens relay R4 is energized. 

This process may repeat indefinitely until all of the relays or any 
number of them have been closed. Except in case of power failure 
which will immediately reopen all of them, the several rela 3 r s will 
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..in in this position unth further^ op^raticms^ 

;Vi!«“'o?th“powS supply Will instantly open any relays that may 
Ih< closed. , 

assuming that push button PB1 ha. 

will open. . . 

end of the combination. 

M . a vnrietv of switching combinations can be secured by ad- 

contact symbol AXA. ™ 1 

lf then ^'normally 1 'tfpen o]Ve 

I'ven numbered relays giving them two poles 

a contact each time push button “ d Cn polc addod> 

giving 1 them two^ioles, double-throw, and one pole normally-closed, 
contact symbol XBA. 
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that either^on^or*vf a *i° n re< ^l 

of a pair o' coib for W™ <« i-t 1 

to employ sensitive re lavs having ? 1 • "*^ either be necessary 
tinuously double their rated voltfo- S \ * s - 1 ^ nod to withstand con 

-» ’** »" " "he z ^xxosss sssr* " ,rra i 

Progressive Lock-up Circuit I 

i.cc a „ xx/hTsns* hour * re, »> 1 

the advantage of permitting the relavs^n^’ * J 118 system hL 

as locked in sequence. It ren..iro/tnT “ IlIocked as well 

operated with their coils conneotoH ‘tn US<i °* r(i i ^ s that can ho 

involved. e sturdy lndu stnal type relays arc 


typc’oftu^pfeC rT CVCr ’, 1X!rniitS the «*> of 

deenergized or fully energized None onT* h ? r °’ 111 ^ cascs ’ oilh(, i' 

Mrs* Alibi 1 ,” : 

SSssis - —* 



Fig. 116. Progressive Lock-up Circuit 


*3sSs. 1£: mz^ix^usstrtt 
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Starting with all of the relays in their normal position as indicated, 

II i he moving contact Cl travels downward it will energize relay 

III which will lock closed electrically through its upper contact. 
Simultaneously, its lower contact will establish a circuit to the coil 
111 relay R2 and this circuit will be energized in turn when the 
contact Cl returns to its original position. Subsequent operations of 
('1 will progressively close and lock closed the several relays. 

Kach time the contact of Cl touches in the lower position it will 
close an odd numbered relay, and each time it touches in the upper 
position it will close an even numbered rela} r . This sequence will 
continue until all of the relays are closed and locked closed. Further 
operation of Cl after all of the relays are closed will have no effect. At 
miy point in the schedule, all of the relays will be returned to their 
normal positions, as shown, when the power supply is momentarily 
interrupted as by operation of PR. 

If such a group of relays is to be controlled by the opening and 
closing of a single contact, this single contact should be arranged to 
operate a single-pole, double-throw relay such as Type R1XAX 
described on Page 335, and the contacts of this pilot relay can be sub¬ 
stituted in place of the controlling instrument contacts shown at Cl. 
II this relay combination is merely required to operate load contacts 
when Cl makes in a downward position, only the odd numbered 
relays need carry load contacts, whereas if switching is to be per¬ 
formed only at moments when the pilot contact touches at the end of 
ils upward travel, then only the even numbered relays need carry 
load contacts. The several relays 111 and 112 etc., may be similar in 
design, or if they do not all carry load contacts very small relays 
such as Struthers-Dunn Midgets may be used for interlocking 
purposes and larger units such as the 84 series, as described on Page 325, 
may be used where substantial loads are to be carried by the load 

contacts. 
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Step by Step Remote Selector Circuit 

J 1 , 5 ^ how f a combination of relays that may be progrj 
pilot contacts and progressively unloc ked by means of two sepanS 

l (l J‘ g , ,' ld shows a ? erie ?, of relays that could be progressively 
X Z ' by means 0 a pil , ot contact but in which all of the relayi 
reset pilot tane0 ' IS y returned to the normaI position by means of » 



Fig. 117. Step by Step Remote Selector Circuit and Supervisor 


The circuit shown in Fig. 117 depicts another modification of 
this general principle in which the relays go through a definite 

appeals i'nFig PP 172 atl ° n ° f the pnnclples involved in this circuit 
of relays 0 TanHIf m’ fo J? Ioa , ds are connected to the contacts 

may be located at a considerable distance from the relays as indicated 
by the broken lines. On the first closure of switch S relay A is 
energized, thus disconnecting load #1 and connecting load #2. Relay 
A locks closed through its upper contact and when switch S is then 
reopened, relay B is energized in series with relay A. The upper 

* f f Iay B i 0 ** 8 fi osed and the lo ad contact disconnects 
load #2 and connects load #3. When switch S is again closed, the 

coil of relay A is short circuited. Since relay B is still energized when 
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H-luv \ drops out, it connects load #4. When switch S again reopens 

iXd and a Juot light may beconnected as indicated to show the 
(Misit ion of the relay. 

In the normal position of the relays, as shown or in the first 
JuJiZ stop when the switch S has been closed, the supervisory 
, n ; s short-circuited by the contact of relay B and it is theiefore 
. \ l inguished This condition exists while load #1 or load #2 is con- 

led thereby removing the short circuit from the supervisory 
im p which lights while load #3 or load #4 are connected to a lme 

i connected 8 If the switch is closed and the light is out, i° ad 
connected. If the switch is open and the light is on, load #3 is 
connected, and if the switch is closed and the light is on, load #4 

ih connected. 

The power consumed by the lamp should be negligible compared 
,hat P consumed by the coils, consequently a neon glow lamp is 

recommended. 

Ordinarily repeated opening and closing of switch S will operate 
l lie relays through the described cycle and, when one cycle is com- 

.•neat’ indefinitely. Should a failure occur m the power supply, the 
relays will immediately assume the normal posibon as shown in 

when power is restored, relay A alone will be energized th y 
connecting load § 2. 

\ wide variety of different relays may be used for relay A and relay 

maintsdn a more or less uniform flow of current through the relay 
coils regardless of whether they are energized separately or in series^ 
The arbitrary load connection shown may be varied considerably 1 
ider to secure definite switching operations, and the actual choice 
of relays for a given application must necessarily depend on tl 

requirements of the application. 


197 













RE LAY ENGINEERING-STRUTHERS-DUNN, INC 

Remote Selection—Commutator 1 

In ,? ig ’ 118 is shown a synchronous commutator combination 
3 p b L e f °/ ^n^ollmg a number of functions over a maximum ?!! 
h! control lines. It has an added advantage in that instruction! 

nr£n be transmdd . ed ln both directions over the control lines. Tim 

ground connections lor the return wire as indicated by the dotted 
ground symbols. In addition to the control pair, a synchroni/ini 

teVLT slfani ma 'r lfc P ° SsibIe to ** thc t ™ co—tori ij 
step in a semi-automatic manner. 1 

hJmLnT 5 omm " tators T1 and T2 are identical and are operated 

chromsm they should remain in synchronism throughout their ]iI'o 

provided that the onerglzed fr , om the same power system, and furthoi 
piovided that the power supply to one is never interrupted, while the 

aar have ^ 

Ul \ liS ° Ufc °fi synchronism, the synchronizing switcl. 

rotate until its moving finger arrives at the G contact. When the 
finger of T1 arrives at Gl, the coil of relay R1 will be energized 
and the power supply to the motor of T1 will be interrupted stopping 

until its finger comes to rest on G2, whereupon relay R2 will ho 

energized and the circuit to the motor of T2 will be interrupted 
stopping the commutator finger on G2. 1 

nf«n™« ing 0n th ? ™ raber of P° ints to be covered and the speed, 
of H siionse ni'piued, the commutators will make a complete revolu- 

most T 1 ° dnv .® n b y their inotors in a few seconds or a minute at tho 
most. The switch SS then may be reopened thus starting the two 

run in syncTro 1 nism nChr ° niSm ' ThC commutat °rs will then continue to 

t wTmJ t l!! S arran 8 u ™ en 1 t is capable of sending impulses it is desirable 

Struthers-Dunn Series A5 Relays as described in Chapter 4. 

Let us say that T1 is the transmitter, and T2 the receiving unit. 
12 is located at a remote, unattended substation where it is desired 
to control various switching operations. If coil A2 is the closing coil 
on a circuit breaker or the closing coil on a Type A5BXX46 Relav 

sa n rv P tn 6 1° f 7 T,™ 8 th ? circuifc breaker < then it is merely nece^l 

saiy to close switch A1 in order to cause closing of the circuit breaker 

notr On by Au The , relay s “gg ested f or this application has two 
breaker, and the other pole could be connected as shown at 1)2. 
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When the relay had performed its operation at the receiving end, fll 
impulse would be sent back to load D1 at the transmitting end ■ 
indicate the completion of the switching operation. This form M 
“report back” is desirable where a number of different operation* 
must be performed in exact sequence. Thus the operator at till 
transmitting end may learn definitely of the completion of onl 
operation before starting the next. ■ 

We may further assume that coil B2 is the opening coil of a circuit 
breaker or of the Type A5BXX46 Relay controlling a circuit breaker] 
If such is the case, it is merely necessary to close switch Bl in order 
to energize coil B2, and reopen the circuit that would have been 
closed by the closing of switch Al. Where this arrangement is used, 
switch Al and Bl should be combined into a single-pole, double 
throw switch so as to eliminate any possibility of simultaneoih 
closure which would cause the circuit breaker to open and clow 
repeatedly at each revolution of the commutator. I 

In order to prevent malfunctioning of the semi-automatic syn 
chronizing circuit, it is necessary that the power for this circuil 
be supplied by a power source completely isolated from the power 
supply which provides the operating impulses through the com¬ 
mutator. For this purpose an isolating transformer IT has been 
provided to segregate the synchronizing circuit. A separate power 
supply is shown to supply each of the motors that drive the com¬ 
mutators and to furnish the power for the control impulses. TImn 
last supply, in most cases, is obtained from batteries. The supply 
to the synchronous motor should be derived from a frequency 
regulated a-c source. This is to assure synchronizing of the two 
commutators over extended periods. 9 

Relays R1 and R2 as shown have a normally-closed contact. 
Such relays are Type BlXAX as described in Chapter 4. The 
synchronous motor-driven commutator resembles in many ways the 
APSY1 units also described in Chapter 4. In general it is built to 
order to provide the number of steps and the speed of rotation 
particularly suited to a specific application. The commutator should 
be arranged to break from one point before establishing contact at 
the following point. The interval between points should be suffi¬ 
ciently wide to prevent errors even in case of slight departure from 
exact synchronism. Any number of steps can be provided but, in 
general, units with more steps should rotate more slowly. Therefore, 
a unit having a greater number of steps may require more time for 
performing an operation at the receiving end after a control switch 
has been closed at the transmitting end. The functioning of the 
system is obvious. A possible iObjection to its use arises from the 
fact that it is not instantaneous in operation. 1 

When a circuit of this type is used to control a number of vital 
functions, it may be desirable to supervise the synchronism of two 
units continuously, and also to supervise the control line for possible 
breaks or short circuits. This can be done by either of two methods. 
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II ilic coil El is replaced by a lamp and the switch E2 permanently 

• Iiimi'(I, the lamp will flash once during each revolution of the com- 
miiiI lit or. If a somewhat more complicated supervising method is 
•ji nimble the lamp just described may be replaced by the control 

iicnit of a pulse duration detector and supervisor as shown in 
n«. 172. 4 'his arrangement will sound an intermittent or con- 
llimous alarm in case of open or short circuits in the control line 
•i in case of loss of synchronism or if there should be failure of the 
|imvcr that supplies the impulses. 

Equipment such as this has been used to control as many as thirty 

• limits over a distance as great as fifty miles thus saving nearly 
,'ll 11)0 miles of control wire. 

•.ynchronizer for Independent Motor Drives 

|''ig. Ill) illustrates a circuit that can be employed to keep two 
luilependent motor driven devices in synchronism. Motor Ml is 
iimvided with a 3-segment commutator shown at A; M2 with two 
I segment commutators at B and C. Each of the motors may be 
i/rnred down to drive its respective load but, usually, the commu- 
lulors will rotate at a higher speed, being coupled either directly to 
ilie motor shaft or to some shaft in the gear reduction that rotates 
al a speed between that of the motor and that of the load. 

As shown, commutator A is “making” on segment #1; commutator 
C on segment #2 and commutator B on segment #3. There is no 
complete circuit through the coils of the relays. 

If the controlling instrument Cl is operated to make contact at R, 
liol h motors will immediately receive power through lead R which 
will cause them to rotate to the right. As long as the two motors 
rotate at the same speed, all of the commutators will remain in the 
•.nine relative position 120 degrees apart. II for any reason, such as 
differences in load, motor Ml should rotate faster than motor M2, 

I lien commutator A will catch up with commutator C and eventually 
I hose two commutators will operate in step, and the circuit will be 
completed through the coil of relay Rl. Relay R1 will open its 
normally-closed contacts which will break the circuit that is causing 
motor Ml to rotate to the right. Motor Ml will slow down briefly 
until motor M2 has caught up with it. As soon as this happens, relay 
\{ 1 will be deenergized and the motors will again rotate in synchronism. 

Conversely, while rotating to the right, if motor M2 would 
operate somewhat more rapidly than Ml, commutator B would 
eventually get in step with commutator A, and when this occurred 
I he coil of relay R2 would receive power. This would interrupt the 
How of power through lead R of motor M2 causing it to hesitate 
momentarily until motor Ml caught up with it. 

A similar process operates to delay either motor that may operate 
faster than the other when Cl is operated in the opposite direction 
causing the motors to rotate to the left. 
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As is the case in all such systems, there is a possibility of huntinu 
or overshooting unless the characteristics of the several elements aio 
properly chosen. The critical characteristics are both electrical and 
mechanical. If the motor drives a load having a large degree of 
momentum, or if the relays are sluggish in action, overshooting and 
hunting will be encouraged. In general, the speed at which tlx* com- 
mutators rotate may be selected to eliminate this difficulty—pro¬ 
vided the speed selected is not so slow that the combination loses itJ 
accuracy. ■ 


RI 


.* R2 


T Ml 


M2 Y 


DRIVE LOAD 
#1 


DRIVE LOAD 


Cl 


Fig. 119. Synchronizer for Independent Motor Drives 


One of the main advantages of the circuit is that it employs no 
critical marginal relays. The relays are either fully energized or fully 
deenergized and no part of the circuit is effected appreciably by 
changes in applied voltage or resistance in the leads. j 

In use this circuit has certain applications that are also capable of 
solution by means of the circuit shown in Fig. 120. 

It is frequently necessary in control systems to make two shafts 
rotate simultaneously even when they are separated by considerable 
distances, and a number of systems have been devised for transmit¬ 
ting power from one shaft to the other so that the two shafts will 
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idways assume the same relative position. Fig. 120 shown an 
Mi rangement that is typical of many such systems. In this figure PI 
i a potentiometer that may be controlled manually, or it may be 
nmpled in some rotating mechanical device. The problem is un- 
• hanged if the contact finger of Pi slides in a straight line instead of 
following an arc. 


The portions of potentiometer PI to the right and to the left of 
I lie moving finger form two arms of a bridge circuit, and the portions 
lo the right and left of potentiometer P2 form flu* other two arms of 
l Ik* bridge. Whenever the bridge is unbalanced, an electro-motive 
I nice will be available between the finger of Pi and the finger of P2, 
itii( 1 the direction of the emf will depend on the unbalance of the 
bridge. In the circuit illustrated, two relay coils are connected 
between the potentiometer fingers, and each relay coil has a rectifier 
element in series with it so that an unbalance in one direction will 
energize one relay whereas an unbalance in the other direction will 
energize the other relay. This is, in many respects, similar to the 
circuit shown in Fig. 107. The two relays should be provided with 



Fig. 120. Motor Driven Follow-up System 
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contacts to reversibly operate a motor M. This motor should hJ 

shaft to operate the load that is to be controlled. tpU l 

In operation when the control is rotated, the bridge is temporarifl 

bMl b ,n n ? C i1 an K d -i hen t] ! e , motor M will rotate until it has aimin 

loe coupled tQ it into •, any other load that 

control P ed t0 lnt0 a P osltlon corresponding to that of tho 

This system is frequently employed with fairly large motors 
p>n I qUlte f Stu £o y . ^insensitive relays. There will always be somJ 
PI P ? t0 eith( T la S behind or to overshoot the position of 

mechanical or dynamic braking. Closer'follow-up canbe^ecuredlv 

™1SmpSte^th°Sr ied ^ Step ,°L the Potentiometer larger 

in comparison with the power consumed by the relav coils Thi« 

is accomplished by selecting sensitive relays, or by increasing the! 

potentiometer, or by reducing the number of steps. I 

Where ample power is available to provide a substantial onnwl 
r lrough the potentiometer, it is possible to select such low values ofl 

Pi a aTon ha ' T ^^large amount of power may flow when 
P2 wmd r d ’ ^f ( i° nditiori would be of only short duration^incj 

mcorporatmg a current limiting device in series with each potently 
In Fig 120 two ballasts B1 and B2 are included in the circuit I 

negligible amount of resistance into the circuit, but when hot their I 

.properly, selecting 

may be prevented with a minimum resistance in the circuit. 
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l ock-up Relay Group—Locking Any One Unlocks Others 

11 is desirable in certain types of applications to energize any one 
relay of a group and to have this relay lock in until some other relay 
ul the group is energized, at which time the first relay will auto¬ 
matically release. Such an arrangement is shown in Fig. 121. 
hit his circuit the relay corresponding with the most recently operated 
push button is locked in to the exclusion of all others. This may be 
nmt.rasted with the circuit shown in Fig. 123 in which any relay 
when locked in prevents the operation of any subsequent relay. 

The circuit shown in Fig. 121 may be extended to include any 
number of relays by duplicating the groups shown and connecting 
them to buses X, Y and Z extended. 



Fig. 121. Lock-up Relay, Locking Any One Unlocks Others 


The power supply may be 220 volts, 3-wire single phase. It may 
be a center tapped transformer of any reasonable voltage, or it may 
be, as indicated in the figure, two identical bell ringing transformers 
properly phased. Resistors rl, r2, r3, etc., are all equal. 

When push button PB1 is closed, relay coil Rl is connected across 
the upper transformer buses X and Y. This relay closes and when 
the push button is released relay Rl is held closed with its coil across 
the lower transformer buses Y and Z with resistors rl and r2 in 
series with it. This relay then remains locked up. 

When another push button such as PB2 is operated, its relay 
similarly picks up across buses X and Y. Instantly, before the push 
button can be released, we have a circuit from bus X through PB2, 
through the contact of relay R2 and through resistor r3 to bus Z. 
We also have a connection from bus Z through resistor rl to W. 
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connected to^hemfdpoint'of^r,™ ld ' vay .between X and W, beinl 
rl and r3. Bus Y is also at t if. resistor bridge consisting of resist* 

Ri C l ed ? ermanen % to the midpolnt^f 1 fhr ^ /? otential > being con- 
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contacts mayX'added « dctermiSby H** 1 ,K ’ Ie * bl,t 
ciicuit. Resistors r 2 , r 3 etc ^ ^be requirements of the 

respective relay coils Resistnr rl y carry th e current to their 
these relays but, since not Carry , the c «"ent to any of 

locked in, resistor rl need have no tm ° ne ff Iay at a time caif bo 
other resistors in the circuit MidJ^t ca Pacity than thol 

Ch n a t p a ter , 4 reqUired the re,ays "™' d ^e typetff^K^beK 


Others I n" 'gto "up ^ Re ' ay C '° Se Prevents Closure of 


relays that m^be^extended indefi 1 , Sh °y S a g rou P of three 
identical units to the buses X V m i 7 Tl’ by , adfJing additional 
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1 "i 11 pets may be added to each of the relays for making or break in 

tiny loads that the relays are to control. The relays Rl °R2 R3 e f r 6 

corresponding relay coil R2 is energized. The double-throw . 

emit rolled by this coil are transferred, thereby tying bus X to bus V 8 
iiiidv .simultaneously disconnecting bus X froS the coil circuit of 

% 9 


RESET 



Fig. 123. Preventor Circuit, Locking 


If, subsequent to the closing of switch S2, any or all of the other 
have m! S ^ C \ aS S J , and S3 . are closed, this subsequent closure will 

coils other than R2 has been short-circuited by the operation of R2 


The reopening of switch S2 will deenergize the coil of relay R2 
restoring the circuit to its original condition. Thereafter the first, 
switch to close will operate the corresponding relay. 

It will be noted that all of the several resistors rl, r2 r3 etc a re 
r r; aIiel ,r he !\ the , cireu 1 it is in its normal condition as shown 

lapidly by properly selecting the resistors so that one resistor alone 
piovides ample power lor holding the relay energized, but several 
esistors m parallel provide the power necessary for extremely fast 
operation, Since the first relay to close prevents the closure of others, 
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high speed closing may be very desirable where there is a very short 

time interval between the closure of the switch that operates a relay, 

and the subsequent closure of another switch that should not operate 
a relay. i 

A circuit such as this finds application in a variety of differeint 

types of control systems. It may be used in connection with gam|o( 

oj chance or races, where it is desirable to determine accurately which 

of several circuits is first closed, or it may be used in connection with 

annunciator systems where the first call alone is to cause the circuit, 
to function. m 

Whereas the circuit shown in Fig. 122 required maintaining 
pilot contacts, and restored itself when these contacts were reopene<l 
a variation of this circuit is shown in Fig. 123. Here the relayg 
have been modified by the addition of a holding contact connected 
so as to parallel the momentary contact such as FBI, PB2, etc. ■ 

Some external restoring device is necessary with this arrangement 
and a normally-closed resetting push button is indicated which, when 
momentarily operated, deenergizes the locked-up relay coil so as to 
lestore the circuit to the condition shown. This lock-up circuit, like 
the one in Fig. 122, may be extended indefinitely by the addi¬ 
tion of identical relays to buses X, Y, Z extended. | 


Alternate Control 

There are frequently encountered, in pump and compressor applica¬ 
tions, conditions which make it desirable to employ two or more 
smaller motors instead of one larger unit. Often the normal load can 
be handled by means of only one of these small motors and it is a 
decided advantage to have one small unit operating at maximum 
efficiency rather than to have a larger unit operating at a fraction 
ot its rated load. In addition, two small units may be arranged so 
that either one can be called upon in case of failure of the other, 
and either one can receive periodical service while the other is carry¬ 
ing the load, frequently where two such motors are employed, one 
is used as a service unit and wears out, while the other is used as a 
reserve or stand-by unit and will rust out. The so-called alternator 
circuit shown in Fig. 124 automatically interchanges the two 
motors or other loads, which are marked A and B, so that they take 
turns in carrying the normal load condition. ■ 

id In oof , 124 ’- R1 is a sim P le P ilot relay, such as Type BIX AX, 

1 age 335, having a single normally-closed contact. R2 is a ratchet- 

type sequence relay having two poles that close alternately on suc- 
cessive applications of power to the coil. Examples of this relay 
are Type 11 AX A for 6 amperes and Type C85AXA for 20 amperes , 
as shown on Page 356. Relay R3 is a simple two-circuit relay with 
normally open contacts, such as Type BlBXX for 6 amperes or 
lype 8BXX for 30 amperes, as shown on Page 325. ’ I 
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Instrument #1 is a controlling device such as a float switch, limit 

* witch, pressure switch, or some similar device whose contacts do 
Hot chatter and which is capable of controlling load A or B. 

Ignoring for a moment the portion of the circuit to the right of the 

• lotted line, when the contact in instrument #1 closes, power will 
How directly through the closed pole of relay R2 to load A. Simul- 
Imieously, the coil of relay R1 will receive the power which will open 
contact R1 and deenergize the coil of relay R2. Eventually, after 
load A has been on long enough to satisfy the condition that caused 
the closing of instrument #1 contacts, these contacts reopen. Relay 
coil R1 is then deenergized, relay contact R1 recloses, and ratchet 
relay coil R2 is energized. This will cause relay R2 to open the 
contact that has been closed and to close the contact that has been 
open. Thus, on the next closure of instrument #1, load B will be 
energized. On subsequent closures of instrument #1, the two loads 
will be alternately energized. 



Fig. 124. Relay Circuit to Alternate Service and Standby Loads 


If, for instance, instrument #1 is a float switch in a sump that must 
be emptied when the liquid level reaches a certain point, and if, 
under some conditions, the liquid collects so rapidly that one pump 
cannot handle the load and the liquid level continues to rise even 
after instrument #1 has started one of the pumps, a second float 
switch such as instrument #2 should be set at a slightly higher level. 
I f for any reason the liquid level reaches the point where instrument 
#2 closes its contacts, then relay R3 is energized and power is applied 
to both loads A and B. 


It will be noted that this additional circuit controlled by instru¬ 
ment #2 gives protection against a variety of possible failures. If for 
instance, instrument #1 or any of the relays associated with it have 
failed, this auxiliary circuit will prevent overflow. Similarly, if one 
of the pump motors has failed, instrument #2 will turn on the remain¬ 
ing pump. These features are in addition to the principal function, 
which is the handling of a larger volume beyond the capacity of 
either A or B operating alone. 
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Impulse Integrator I 

Occasionally, in connection with impulse counting circuits, it |fl 
necessary to combine impulses arriving at some common point from 
two or more impulse sources. Where these incoming impulses aril 
not synchronized, it is possible that an impulse may arrive from two 
different sources simultaneously, or that an impulse from one source 
will overlap an impulse from some other source. An example of 
such a condition is encountered in a case where several contact¬ 
making flowmeters register the amount of liquid being drawn from 
a tank through their individual outlets, and it is desired to totalize 
the impulses from these several flowmeters in order to determine thj 
entire amount of liquid that has been withdrawn from the tank, 
The circuit shown in Fig. 125 solves such a problem. 

In Fig. 125 pilot contacts CCl, CC2 and CC3 are the flow- 
meter operated contacts and may operate separately or simul¬ 
taneously, or in any other manner. The rectangle PC represents an 
electromagnetic counter to register the number of operations o| 
contact CCl. Similar counters may be operated by CC2, CC3, etc, 
The rectangle TC represents a totalizing magnetic counter to which 
impulses are supplied after the relay combination has separated and 
evenly spaced them in such a manner that they may be recorded 
individually. I lie system consists of a motor-driven repeating timer 
unit, in which M is the motor that controls several contacts by means 
of cams SI, S2 and S3. The combination as shown will handle three 
separate flowmeter contacts or it may be extended or abbreviated ad 
required by a particular application by adding further pairs of relays 

similar to the three pairs indicated. I 

The cams on the motor-driven timers should be cut so that their 
contacts will be opened briefly. They should open at least once for 
each possible closure of the corresponding pilot contact. In other 
words, if the maximum possible flow is such that CCl may close 

. - _ ^ cam SI should be arranged to operate at 

intervals of somewhat less than a minute. 

In operation when CCl closes, power is simultaneously applied 
to the coils of fast-acting relay Fill, and slow-acting relay SRI. 
Contact A of relay FR1 opens instantaneously and contact B of 
relay SRI closes shortly thereafter. Relay Fill then locks closed 
through its upper contact, and through the contact operated by cam 
SI. Eventually, cam SI opens its contact. This drops out relay FR1 
and SRI. The fast-acting contact A closes first and the slow-acting 
contact B opens short ly thereat ter. I luring t lie brief interval between 
the closing of A and the opening of B, an impulse is sent to the 
counter or other load, TC. This impulse occurred at the instant cam 
S l opened the holding circuit to the relays. 

( ams SI, S2 and S3 are displaced so that they do not open their 
corresponding contacts simultaneously. As a result, impulses to the 
load from the several relay pairs do not occur simultaneously, but 
are distributed throughout the revolution of the cam shaft. The 

210 I 


CIRCUITS FOR SEQUENCE OPERATION 



211 


Fig. 125. Impulse Integrator 
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circuit is carefully laid out so that each pair of relays transmits an 
impulse only at the moment when it is dropping out from Z 
energized position. Provided the CC pilot contacts do not chatter 
1C will always receive one, but never more than one, impulse for 
each closing of the several CC contacts. I 


a rSl? r ®P ea ^ n S timer shown may be Struthers-Dunn Type APS3YJ 
AI SY timers are described in Chapter 4. The fast FR relavs J 

shown are either Type B1AXA midgets or Type 8AXA larger relay J 
Jet-ibed inChlpfer I" TyP ° BPWBB1 - A, ‘ ° f these ty P es H 

Stepping Relay—Forward and Back I 

mm °P erated c . ontr °l systems it is sometimes necessary to 

sources. In the commonest case, the same number of impulses will 
come from each ol the sources when measured over a long period of 
tunc, but at any particular moment the number of impulses from 
one source may exceed the number from the other, and a special type 

leading in the number of impulses delivered to the relay. 1 

a ^ Clay I ^ ia ^ 1 be ^ployed in connection with a conveyor. 
Articles going on to the conveyor would operate a pilot switch device 

comlmr W nff ( f fy the S0Urce of on f . se . ries of impulses, whereas articles 
coming off of the conveyor would, in a similar manner, give rise to 

had bepn e rZi° f T? ^ ) Vhen the Same total number impulses 
had been received from each source, the conveyor would be emntv 

i he amount by which the number of impulses from the first source 

fr om the second source would indicate at any moment 
the number of articles on the conveyor. Where the capacity of the 
conveyor is limited the relay might be connected so as to prevent 
any more articles from being loaded on the conveyor after the 

n RS f H y ° r d0d aS indlcated b y the ex cess of impulses from 
souice // 1 over those from source #2. 

In Tig. 126 a forward and back stepping relay is shown as it mi^ht 

SVSte 0 m ne Snch n° C ° ntr0i thC + S ^ nal ^ on a single track railway 
wdfftetenVrh, an arrangement is part.cularly desirable in connection 

and in the opposite direction at other times. 

In the system shown there are four contacts that are operated bv 
shm/ef Ca £ S ' r BI *T 7 ?K rated by eastbound cars passing into the I 

of the single track section. Similarly, WBI and WBO are operated I 
,'n ,nher nf Un< ? arS - , Th ?, main Purpose of the system is to permit a 

directions from entering this section. I 
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In the position shown, the cam GC on the relay that operates the 
Hiven light for entering westbound cars is closed, thus permitting 
. us to enter from the east. If, however, a car enters the single track 
rrl ion from the west, contact EBI will operate through coil IC to 
nicp the ratchet relay one step in a clockwise direction. The first step 
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Fig. 126. Stepping Relay—Forward and Backward 


will operate through cam GC to extinguish the green light for west- 
hound cars, and will operate through cam RC to energize the red 
lamp to prevent cars from entering from the east. Additional cars 
may enter the single track section from the west, and as they do so 
switch EBI will be reclosed. The ratchet relay will make additional 
clockwise steps. These additional steps will not affect the lights that 
are halting westbound cars. Consequently these lights will continue 
to block westbound cars until eastbound cars leaving the single track 
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section have operated switch EBO a sufficient number of times tl 
step the ratchet relay back in a counterclockwise direction to ■ 
original position. \\ hen all of the eastbound cars are out of the sinutf 
tiack section, westbound cars will again be permitted to enter. 

An identical relay to the one shown should be controlled by west! 
bound traffic through contacts WBI and WBO to halt the eastbound 
traffic when the single track section is occupied by westbound cam, 

Forward and backward stepping relays are available with any 
numbei oi cams cut to operate the contacts in any desired sequence, 

+ 1 ‘V S case with all sequence relay applications, it is essential 

that the pilot contacts such as EBI be free from chatter, as any 
chatter may cause accidental operation of the relay thus displacing 
it irom its proper position. In some cases where it is impractical 
to make the pilot contact absolutely tree from chatter it is necessary 
to interpose between the pilot contact and the sequence relay il 
special circuit such, tor instance, as that shown in Figs. 164 and 165 to 
assure dependable operation. With most designs of forward and 
backward stepping relays it is desirable to eliminate anv possibilit y 
ot having the two coils simultaneously energized and, in application’ll 
where such a condition is likely to arise, auxiliary contacts should 
be provided to open each coil circuit when the other coil is energized, 

Examples ol other types ot stepping relays are shown in Chapter 4, 
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Emergency Lamp Relays 
I lashing Lamp Control and Supervision 


Some types of electrical service must be maintained regardless of 
ludures of power supply or failure of any of the equipment involved. 

I he light source in a lighthouse is perhaps the outstanding example 
mI such a necessity, although obstruction lights to prevent airciaft 
collisions, and even exit lights in theatres fall into this same classifi¬ 
cation. In these applications the most likely cause of failure is a 
burned out lamp. A relay is required to detect such a lamp failure. 

In Fig. 127, 1, a relay is shown with its coil in series with service 
limp SL. When the service lamp is operating properly the relay is 
energized. It holds its contact open, and the emergency lamp EL is 
extinguished. Upon failure of the lamp SL, the relay is deenergized 
and the emergency lamp EL is lighted immediately. 



Fig. 127, 1-2. Emergency Lamp Relay, 
Emergency Lamp and Power Failure Relay 


In some cases this relay instead of lighting an emergency lamp 
merely operates a warning signal so that an electrician may replace 
the burned out lamp. In other cases the relay is provided with an 
additional contact so that it switches on the emergency lamp, and 
also operates a signal to indicate that the service lamp has burned out. 

Where signals are available to operate from the line voltage, they 
may be connected directly in parallel with emergency lamp EL so 
that they give a warning that the service lamp is burned out when¬ 
ever the emergency lamp is energized. In very important services it 
is considered unwise to depend on warning signals which may 
themselves fail in emergencies unless they are in turn supervised. 

Fig. 127, 2 shows a relay practically identical with that in Fig. 
127, 1 except that the coil and contacts are isolated from each other 
thus permitting emergency lamp EL to be operated from emergency 
power source EB in case the service lamp SL is extinguished, either 
due to its own failure or due to voltage failure on the service line. 
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i ^ i^ us trates a relay that ordinarily keens the miiltinfl 

n a f rl ?P? ML coni >ected to the regular power service, but upon failure) 

neeted toThe^m^c^ser^Te EB disc0nnected from * and con. 
battery are common. Where the battery EB is compleLlv isoSe'l 
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one power source to the other, as shown in Fig. 128, 2. 

In all such relay applications involving transfer of a load from mm 

be necessary to use relays that are very much oversize unless th<fl 
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F>g. 128, 1-2. Emergency Power Supply and Group of Lamps 
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i lie flasher. It is to be expected that the relay would give a satis¬ 
factory life operating frequently in this manner, but a supervisory 
unit must operate with absolute dependability, and therefore for use 
with flashing lamps somewhat different circuits are recommended, 

winch will make failure of the supervisory relays extremely unlikely 
•»vcr a period of many years. 

In Fig. 130 is shown the combination of units that cover most 

<»l Hie problems ordinarily encountered in connection with flashing 

lamps. If it is merely necessary to flash a small lamp without any 

piper vision, the timer unit alone may be employed to flash lamp LI 

m which case the equipment below line XX and to the right of line 

, ma y be omitted. I he timer T is a repeating timer similar to 

Mruthers-Dunn Type APSY1 as illustrated on Page 365. This timer 

inay be provided with a coded cam cut to any specifications in which 
case it becomes Type PSZ. 



Fig. 129. Emergency Lamp and Emergency Power Supply 

Relay Combination 


Where a larger lamp load must be controlled, lamp Li is omitted 

and the relay unit shown below line XX in Fig. 130 is connected 

io the timer as indicated so that it controls one or more lamps such 
as L2. 


The relay unit shown incorporates an inrush quenching circuit 
I hat permits the control of a very substantial lamp load by com¬ 
paratively light relays. Light relays are preferred for a flashing job 
as they are less likely to pound themselves to pieces than the heavier 
units that, would be required were no special circuit employed. 

In operation, when the timer contacts close they apply power to 
lelay Rl. 'J he contact of relay R1 closes instantly. It is provided 
w it h a blow-out coil, the inductance of which reduces peak currents to 
some small extent. Current is fed to lamp L2 through current limiting 
resistor GLR. 1 he filament of lamp L2 heats very rapidly. As it 
heats, its resistance increases and as its resistance increases (he 
voltage across the lamp and the voltage across the coil of relay R2 
also increase. W hen the lamp is up to nearly normal brilliance 
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relay 112 is sufficiently energized to close its contact, thereby shorting 
resistor CLR and applying full line voltage to the lamp. ■ 

The foregoing sequence of events is completed almost instantll 
so that there is no appreciable delay in bringing the lamp up to full 
brilliance, but the few milliseconds delay that occurs, eliminates thl 
peak inrush currents that would otherwise shorten the life of belli 
the relay contacts and the lamp. ■ 

Where it is desired to supervise the lamp, lamp L2 is omitted and 
the supervisory unit as shown to the right of line ZZ is added. Lanin 
L3 is the service lamp and lamp L4 is the emergency lamp. 
double coil relay is employed having a series and a shunt coil each 
wound on a separate magnetic frame to prevent transformer reaction 
between the two windings. One winding is connected in series with 
the service lamp and the other winding is arranged to be shunted 
across the flasher contacts. I 

When the timer closes its contacts and the relay unit in turn 
closes its contacts, current is fed through the series coil and through 
the filament of service lamp L3. j| 

This energizes the supervisory relay which transfers its contacts, 
opening the circuit to the emergency lamp L4 and connecting it h 



Clr 


z 


Fig. 130. Flashing Lamp Control and Supervision 
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ahunt coil across the flasher contacts. Since the flasher contacts are 
rinsed at this time, the shunt coil is not energized. 

When the flasher contacts open, full voltage is applied to the shunt 
mil and simultaneously the series coil is deenergized. 

I ntil such time as the service lamp L3 fails, the shunt and series 
mils in the supervisory unit are alternately energized. During this 
hme there is no wear and tear on the supervisory relay. When even- 
liuilly the service lamp fails, then the series coil can no longer hold 
llir supervisory relay in the energized position and its contact will 
drop to the position shown in Figure 130. In transferring its contacts 
it has opened the connection to the shunt coil and the supeivisoiy 
relay cannot be energized again until faulty lamp L3 has been 
replaced. 

The relay unit is Struthers-Dunn Type 35AXX600, and the 
Hiipervisory unit Struthers-Dunn Type 36XXA700. 



Fig. 131. Simple Battery Charge Controls From High Voltage Line 


Simple Battery Charge Controls from High Voltage Line 

Frequently it is desirable to charge a storage battery from a d-c 
power supply. In manv isolated d-c plants it is a common occurrence 
for the polarity of the d-c lines to be reversed, which would result 
in discharging instead of charging the battery. In other cases, one 
or more loads other than the battery-charging circuit may be con¬ 
nected to the same d-c line, and upon voltage failure the battery will 
discharge power through the other loads shunted across the same 
line. Fig. 131 shows such a typical line with two arbitrary loads 
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L connected across it. In case the d-c power supply fails, there is 
tendency for the battery to discharge through the loads L uni 
proper precautions are taken. 

Two methods of securing the necessary control are illustrated in 
Fig. 131. In the A section of the circuit, resistors R1 and R2 art 
arranged in the form of a bridge so that their common point P is til 
a potential more or less identical with the potential at the positive 
terminal of the battery to be charged. When the line voltage liirt 
the correct magnitude and direction, the coil of the relay will hit 
deenergized, and its normally-closed contacts will be closed permitting 
the battery to charge through charging resistor R3. If there is 1 
voltage failure or reversal in the power supply, point P no longer 
has the same potential as the positive battery terminal and the relay 
coil will be energized and its contacts will open the charging circuii, 


The relay coil in this case must be capable of withstanding approxi* 
mately twice battery voltage if resistors R1 and R2 are comparatively 
low resistance. If resistors R1 and R2 are of the same general order 
of magnitude as the resistance of the coil, then the coil need withstand 
a maximum voltage no greater than the battery voltage in case of 
polarity reversal. 

In the B section of the circuit is shown an alternate arrangement 
in which a rectifier unit is connected in series with the relay coil. 
When the line polarity is correct and its voltage is sufficient to charge H 
the battery, current will flow through the rectifier and the relay coil. 
This will energize the relay and cause its contact to connect the 
positive terminal of the battery to the positive side of the line through 
charging resistor r3. When the polarity of the line is reversed or 
when the positive bus has insufficient potential to charge the battery, 
current will tend to flow in the wrong direction and the relay coil 

will remain deenergized and the battery will remain disconnected 
from the load. S 

If this circuit is used where there is a possibility that the lino 
polarity will be reversed, the rectifier must be capable of withstanding 
a d-c back voltage equal to the line voltage plus the battery voltage. 


In any case the voltage across the charging resistor is equal to 
the line voltage minus the battery voltage. The desired resistance 
is equal to the voltage across the resistor divided by the desired 
value of charging current. I 
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Mrtttcry Charging Control 

\\ lien it, is desired to maintain storage batteries in the best possible 
Hindi I ion at all times, even when maintenance requires the use of a 
u.iiMiderable amount of auxiliary apparatus, the circuit shown in 
|i'|g 132 is frequently employed. Such an arrangement is com¬ 
monly used to maintain stand-by batteries in central stations as 
tu II as the batteries used for energizing the power supply for hospital 
ii|M*niting rooms and similar locations. 

I'Jven when batteries stand idle for extended periods, there is a 
Hiiitinuous slight loss of charge. Therefore, an ideal means of charg¬ 
ing maintains a continuous trickle charge of power into the battery 
lu replace the stand-by loss. This trickle charge is adjusted to the 
up!imum value by adjustable resistor rl. 



Fig. 132. Battery Charging Control 


A combination consisting of motor driven timer RT, voltage 
sensitive relay Rl, and auxiliary relay R2 is used to charge the 
batteries at a higher rate in order to replace the drain caused by any 
loads that the battery may have supplied. 

The batter}^ voltage can be observed by means of a voltmeter V. 
Ammeter A will indicate the charging rate at all times. The high 
charge rate is determined by the setting of adjustable resistor r2. 
Most relays if adjusted to close their armatures on one voltage will 
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not drop their armatures open until the voltage applied to their coili 
has been considerably reduced. For this reason, voltage sensitive 
relay HI is adjusted to close its armature, and therefore open iI n 
contact when the voltage applied to its coil reaches a value corren# 
ponding to a fully charged battery. Under normal conditions t he 
battery voltage will never decrease sufficiently to deenergize thin 
relay and cause it to open its armature and close its contact. 

Periodically, timer RT breaks the circuit to the coil of relay Rl, 
I his relay closes its contact and energizes relay R2 thereby charging 
the battery. Almost immediately after RT has broken the coil circuit 
ot relay Hi Hi recloses its contact. If the battery is fully charged, 
relay Rl will immediately reopen its contact so that the battery will 
receive charging current at the high rate for a very brief interval 
If, however, the battery requires high rate charging, its voltage will 
be too low to attract the armature of relay Rl and the high rate uf 
charge will continue until the battery voltage has increased to the 
value necessary to discontinue the charge. ^ 

Relay R2 will usually be a Series 8 Relay as described in Chapter.) 

1 he actua voltage across its open contacts is equal to the differenol 
between the charging line voltage and the battery voltage. Thin 
difference is usually so low that no blow-out coils are necessary tOi 
interrupt the low voltage arc. Instructions for determining the iifl 
terrupting capacity ol contacts at odd voltages are given on Page III 

Any one of a wide variety of relays may be used for the voltaa! 

sensitive relay Rl. In some cases it is desirable to incorporal 

temperature compensation in such a relav due to the fact that a fully 

charged battery at one temperature will deliver a different voltaa! 

across its terminals than will a similarly charged battery at anothil 
temperature. V 

Ihe true indication ol a battery’s state of charge is the specific 
gravity of the electrolyte. At any one temperature, the terminal 
voltage is a measure ol the specific gravity. Temperature compensa¬ 
tion of relay Rl provides an arbitrary means of correction so that 
Ihe relay will operate at the same specific gravity regardless of 
changes m ambient temperature. Temperature compensation may 
consist of a special resistor in series with the coil of Rl. In this case 
the resistor must have a temperature coefficient of resistance that 
will provide the required operation of the relay. In other cases the 
relay itself is provided with a temperature element designed to 
function in such a way as to vary the closing voltage of the relay 
in accordance with the same laws governing the terminal voltage of 
the battery for the different temperatures. When this latter arrange- 
ment is used, particular care must be taken to see that the tempera¬ 
ture sensitive element in the relay is exposed to the same ambient 
temperature as the battery, also that this temperature sensitive 
element does not receive any of the heat generated in the relay coil. 

It is also desirable to enclose the relay in such a way that changes in 
ambient temperature will change the temperature of the *relai 


999 




_ LAMP AND BATTERY CIRCUITS _ 

"i about the same rate at which such changes in ambient change the 
temperature of the battery. Otherwise, sudden changes in ambient 
'rmpcrature might cause further charging of a battery that was 
dmady fully charged or might prevent the charging of a battery 
Hml requires further charging. This improper functioning would 
nnihnue until the temperature of the electrolyte and the temperature 
Ihe compensating means became equal. 

Generator Cutout 

Fig. 133, 1 shows a simple form of generator cutout consisting 
"I a relay having two coil windings. The purpose of the relay is 
in connect a generator to charge a battery when the generated 
'•ullage exceeds the battery voltage so that the battery will charge 
111 '! 10 interrupt this circuit when, for any reason, the generated 
vullage falls below the battery voltage and causes the battery to 
1 1 iscLarge power through the generator. 

An arrangement of this sort is particularly desirable for use with 
generators whose regulation is such that their no-load voltage is 
home what higher than their voltage under load. 

With the device in the position shown, the generator voltage is 
insufficient to close the relay by means of the shunt coil SH and 
l .c battery is entirely disconnected from the generator, so that under 
Hus condition there is no drain on the battery. The relay is adjusted 
no (hat its contact closes when the voltage applied to shunt coil SH 
is somewhere between the maximum voltage of the battery and the 
no-load voltage of the generator. When the generator is brought up 
i«) speed, the shunt coil operates to close the relay contact and the 
Ki nerator immediately starts to charge the battery. This charging 
current flows through the series coil SR in such a direction as to 

generate a flux that will assist the flux generated by the shunt coil in 
holding the relay armature closed. 

T 1 ;? clo f in h r of the relay contact placed a load on the generator 
and therefore decreased the voltage available to energize shunt coil 
Ml but the unit is designed so that the pull on the relay armature 
resulting from current through coil SR more than compensates for 
I lie reduction in pull due to the lowered voltage on shunt coil SII. 

As long as the generated voltage is sufficient to continue charging 

the battery, coil SR will continue to assist coil SII and the relay 
contact will remain closed. 

\\ lien for any reason the generated voltage falls below the battery 
\ oltage, the battery will start to discharge back through the generator 
and the current through coil SR will reverse in direction causing it 

to oppose cod SH. This will cause the relay contact to open. Coil 

Ml will no onger receive voltage indirectly from the battery and 
l he potential across this coil will drop to the value determined by 
ll.e lower generated voltage. Thus the relay will remain open until 
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such time as the generated voltage is again high enough to 
the battery. 



Relays or generator cutouts employing this principle, employ 
Frame Numbers 23, 24 and 25. 1 





Fig. 133, 1-2. Generator Cut Out—Simple, Generator Starting 

and Control Combination 


Battery Charging Combination L 

The circuit in Fig. 133, 2 illustrates a type of control system 
that provides a number of features unobtainable with a simple system. 

R3 is the main circuit control relay. R1 is a sensitive relay con¬ 
trolling the closing of R3, and R2 is a polarized relay with a series 
coil that controls the opening of R3. Selector switch SS has three 
positions. In the “dead” position D, as shown, relay R3 cannot be 
closed, or if R3 is already closed, it will open when the selector switch! 
is turned to position D. When selector switch SS is turned to position 
S, relay R3 will close regardless of the position of pilot relays R1 
and R2. 1 

This position of the selector switch is employed in application* 
where the generator is driven by a separate internal combustion 
engine, and where power must be applied to the generator to make 
it serve as a motor for starting the prime mover. When selector 
switch SS is turned to position A, the equipment functions auto¬ 
matically to connect the battery to the generator, when the generated 
voltage is sufficient to charge the battery, and it functions to dis¬ 
connect the battery from the generator when the generated voltage 
is insufficient to charge the battery and, therefore, the battery would 
otherwise discharge through the generator. 1 
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With SS in position A, there is only one circuit closed and this is 
dirough the rectifier in the coil circuit of Rl. If the generator voltage 
• below that of the battery there will be a tendency for current to 
Him from right to left through this circuit but the rectifier ItEC will 
invvent such a flow. When, however, the generated voltage exceeds 
I lie battery voltage, current will flow through the rectifier unit and 
iliiough the coil of relay Rl thereby closing the contacts of relay Rl. 
I his will provide a new current path through the normally-closed 
. on I act of relay R2, the contact of Rl, the A position of selector 
•milch SS, and the coil of relay R3. R3 will close its contacts thus 
mniiecting the generator to the battery through a low resistance 
l hi 1 1 1 as indicated by the heavy lines. The locking contact LC of 
iday R3 will bridge the contact of Rl thereby maintaining relay 
1(3 energized. 

This condition will continue as long as charging current flows from 
I hi * generator to the battery. When current flow reverses through 
I liis circuit, polarized relay R2 opens its contact which in turn 
irlcases relay R3, and the entire circuit is restored to its original 
condition as shown in Fig. 133, 2. 

It clay combinations such as this are designed to conform to definite 

deifications, and it is therefore impossible to select standard items 
i nit. may be combined in order to secure the desired functioning. 
In some cases it is necessary that a specific amount of reverse current 
In* required to open the circuit. Generally, the generated voltage 
must exceed the battery voltage by a definite limited amount before 
iHay Rl causes relay R3 to close. In other instances delays must 
lie incorporated in the circuit to prevent the device from functioning 
ii h a result of brief transient conditions. For other applications the 
highest possible speed of operation may be preferred so that this 
n|uipment may operate rapidly enough to protect associated equip¬ 
ment in case of faults in the circuit. 

Since this combination determines both the opening and closing 
•»f the main contacts by comparing the generated voltage with the 
battery voltage, and does not function by comparing the generated 
voltage with a standard built into the equipment, it is unnecessary 
lo incorporate any compensation for temperature variations. Absence 
of temperature factors makes it possible to install this control equip¬ 
ment in locations where it is not subjected to the same temperature 
variations as the battery. This is a very valuable consideration in 
many cases. 
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Reversing and Dynamic Braking Split Series Field D-C Motori 

An outstanding example of the manner in which a combination J 
standard relays can be employed to secure rather complicated resulll 
or where, on the other hand, a highly specialized relay may Ini 
designed to accomphsh the same results, is clearly indicated in i\» 

field d-c motors' 116 th ° reversal and d y namic breaking of split seril 

Fig 334 illustrates the four different sets of connections thal 

have to be made to the motor in order to accomplish the variouj 
steps in a complete reversal cycle. B 
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Fig. 134. Elementary Diagrams of Forward-Braking-Reverse-Braking 

Split Field Motor Circuit 

In the left hand drawing, the power supply is shown connected to 
the forward winding. Current from flic battery will flow through the 
forward winding I and down through the armature. When tho 
motor is deenergized, the back voltage generated in the armature will 
tend to make current flow upward through the armature. 1 

In order to secure reversed torque either the current through tho 
ai mature or the current through the field must be reversed, but if tho 
current through both is reversed, no reversed torque is secured. Since 
the current direction must necessarily change in the armature, tho 
connections shown in the second diagram arc used for braking from 
forward rotation. I lie current flows upward through the armature 
and to the right- through the reverse field R, and from there down to 
tiie ground and back through the armature. 1 

The third diagram shows external power applied to the reverse 
winding in order to secure rotation in the opposite direction. Sim- 
llarly, braking from the reverse direction is obtained by grounding 
the forward winding. When these several steps are accomplished bv 
relays, it may be necessary to introduce an additional step to prevent 
any possibhty of grounding one very low resistance field, while the 
end ol the other one is still connected to the power supply. 1 

Fig. 135 illustrates a combination of standard relays that will 
accomplish the desired results. The upper contact on the forward 
re ay rR applies power to the forward winding F when push button 
11 1S operated. Similarly, the upper contact of reverse relay RR 
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•Mipplies power to the reverse field of the motor when push button R 
In operated. 

A two-coil mechanical-latch electrical-reset relay BR is con¬ 
nected in a circuit called a “memory” circuit. When the motor is 
operated either forward or backward, relay BR assumes a position 
corresponding to the last direction of rotation. Thus, when the motor 
I" 1° be dynamically braked by releasing one of the push buttons and 
H s corresponding relay, the braking circuit will be connected to the 
I neper motor winding. In order that the braking circuit may only be 
connected when the power is disconnected entirely from the motor^ 
relays FR and RR each have a normally-closed contact. These two 
normally-closed contacts are connected in series with each olher and 
with the ground connection of the braking circuit. 



Fig. 135. Standard Relay Combination Affords Reversal 

and Dynamic Braking 


Fig. 136 shows a highly specialized relay that eliminates some 
duplication of the effort necessary where standard relays are em¬ 
ployed. It consists essentially of two relays each operating its own 
main contact but with the addition of a group of contacts between 
the two main units that are operated in a definite manner when 
cither of the two main relays is energized. The group of contacts 
that is common to the two relays has one memory contact M which 
assumes a position corresponding to the last direction of rotation of 
t he motor. Also, it has a safety contact that opens when either of the 
mam units is energized. 

As shown in Fig. 136, relay RR was last energized and the motor 
last rotated in a reverse direction. The forward winding is connected 
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through the memory contact and safety contact to ground in thfl 
braking position. A photograph of this relay, Struthers-Dunn TyjJ 
68AXX100, in the position just described is shown in Fig. 137. 
Both coils are deenergized. The main contacts at the right arl 
opened, the safety contacts near the base between the coils are closed, 
and the memory contacts which may be seen through the cutaway 
coil are in a position indicating that the coil on the right was last 
energized. | 

If we then require the motor to run in a forward direction, relay 
coil FR is energized by operation of the corresponding push button, 



Fig. 136. Schematic Diagrams of Special Reversing and Dynamic Braking 

Type 68AXX100 


The safety contacts open, the memory contact swings to the position 
indicated by the dotted line, and then the main contacts close 
energizing F. A photograph showing the relay in this position is 
shown in Fig. 138. The motor runs forward until the push button 
is released at which time the main contact reopens and the safety 
contact recloses. The braking currents flow through the reverse' 
field winding R. The photograph showing the relay in this condition 
is shown in Fig. 139. 

It will be noted that Figs. 137 and 139 are identical except that 
the memory contact is in the opposite position due to the fact that 
the motor last operated in the opposite direction. When the motor is 
operated in the reverse direction due to the closing of the correspond¬ 
ing push button, the safety contacts are opened, the memory contacts 
are transferred back to the original position, and the reverse main 
contacts are closed applying power to the reverse field winding R. 
A photograph of the relay in this position is shown in Fig. 140. 
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Fig. 137. Relay Type 68AXX100 
Motor At Rest But Last Operated in Reverse Direction 











Fig. 138. Relay Type 68AXX100 
Motor in Forward Direction 
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Fig. 139. Relay Type 68AXX100 
Motor at Rest But Last Operated in Forward Direction 



Fig. 140. Relay Type 68AXX100 
Motor in Reverse Direction 



230 


MOTOR CONTROL CIRCUITS 


Torque of D-C Motors 

In conventional designs, the field excitation of d-c motors may be 
■applied by a series field or a shunt field, or in the case of compound 
wound motors, the excitation results from a combination of both 
Meries and shunt fields. The series field is distinguished by the fact 
I lint it provides the most torque at low motor speeds when the motor 
|h drawing the heaviest current through the field winding. On the 
ill her hand, a shunt wound motor is excited to the same extent 
regardless of the speed of the motor due to loading. Therefore it 
develops much less torque at low speeds. 

By properly proportioning the percentage of excitation furnished 
by the shunt and series fields of compound motors, it is possible to 
Mecure a variation in torque at different speeds to meet the majority of 
requirements. With many types of motors, it is also possible to vary 
I lie torque under different conditions by means of relays. Certain 
rather interesting relay applications are encountered in connection 
with split series field d-c motors when it is desired to secure variations 
in torque that are difficult to obtain by means of varying the field 
windings. 


Torque Modifying Circuits 


In Fig. 141 methods are shown for either reducing or increasing 
the torque that may be obtained from such a motor. Such schemes 
are particularly suitable for applications where it is desirable to 
secure' brief reductions or increases from the normal torque value 
during some small portion of the cycle through which the reversing 
motor operates. 


When the torque reducer relay TR closes, it shunts a portion of the 
armature current around the forward field winding F, and permits it 
to flow through the reverse field winding R. The flux developed due 
to winding R opposes the flux developed due to winding F, and the 
lotal excitation is a function of the difference in the current flowing 
in these two field windings. 


Such an arrangement may be used in an application where a strong 
torque is necessary to start a load, and this is done with contacts TR 
open. After the load has been started, contact TR closes and, there¬ 
after, the load is driven at a high rate of speed. If, while travelling at 
this high speed the load meets an obstruction either due to accidental 
jamming of a gear train or due to encountering an intentional stop, 
there will be a very small tendency for the motor to strip the gears 
due to the fact that the torque reducer has greatly decreased the 
excitation. Since the torque reduction circuit consisting of TR and a 
series resistor is connected in a symmetrical manner from the end of 
the forward field winding to the end of the reverse field winding, this 
same torque reduction circuit is equally effective regardless of the 
direction of the rotation of the motor. 
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In some cases contacts TR will be in the form of a limit switch 
t at will cause the excitation of the motor to change at a particular 
point in its travel, whereas in other cases, contact TR may hi 
operated by a relay, the coil of which is in series with the armature A. 
in which case it is possible to reduce the torque of the motor when the 

armature current becomes excessive due to the load having en¬ 
countered some obstruction. ^ 


IP 
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TORQUE REDUCER 




=r TORQUE INCREASER 


Fig. 141, 1-2. Elementary Circuits of Torque Modifiers 


Fig. 141 shows a circuit for securing an increase in torque during 

any portion ol an operating cycle in which torque increaser TI is 

closed. With this arrangement, the reverse half of the split series 

held is made to assist the forward half of the field, providing extn 

excitation during such time as contact TI is closed and the'ad- 

ditional torque is required. Since these series fields usually have 

very little resistance, it is essential that a resistor be connected in 

series with contact TI to limit the current flow that would otherwise 

be excessive 1 he current through TI must be quite large to afford 

an appreciable increase in torque. As the majority of the power 

represented by this current is lost in the resistor, this circuit is rather 

wasteful ol power arid, in general, should be used when the increased 1 

torque is required for only a small fraction of the operating time of 
the motor. 

Both the^ torque reducer and torque increaser circuits may be 
considered for use in the same application. If an abnormally high 
torque is required lor a brief interval during a cycle, a low torque 
motor may be employed and the torque increaser circuit used to 
increase the normal torque briefly. If high torque is required most 
ol the time and low torque is desirable for a small portion of the 
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• yele time, then a high torque motor should be employed, and the 
Inrque reducer circuit used to decrease the normally high torque to a 
lower value as desired. 


Automatic Torque Modifier 


n 


big. 142 illustrates an actual application employing the torque 
■diicer circuit previously described. Switch S may be a selective 


witch that determines the direction of rotation of a motor, or 
under some conditions, it may be a dynamic braking relay combi¬ 
nation such as shown in more detail in Fig. 136. 


1 —“TLS3 



TJUL 


Fig. 142. Automatic Torque Modifier 


Limit switches LS2 and LS3 are located at the absolute limits of 
travel of the device driven by the motor. Limit switch LSI should 
l>e arranged to open as the driven load approaches its limiting 
positions. With LSI open, the coil of relay R is inserted in series with 
the current supply to the motor. Thus when the motor current starts 
to increase due to its driven load having encountered an obstruction 
at the end of its travel, the contact of relay R will close and reduce 
the torque of the motor to the desired amount as determined by the 
value of resistor TR. 

Applications for circuits such as this are encountered where heavy 
doors must be opened and closed by means of a motor, or where 
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landing gears must be extended or retracted on aircraft. SimiL 
tasks are common in industrial applications. Motor-operated valv< 
frequently require some “tight seating” device as, in order to clos. 
a valve tightly, it must be driven tight shut and the driving moto 
must be disconnected from the supply lines only after considerabl 
resistance has been encountered at the end of the travel of tin 
moving parts. 1 

In some such applications, a comparatively small amount of torque 
will prove ample to drive the load through the majority of its travel, 
but an additional amount of torque may be necessary to secure tight 
seating. This can be secured by means of the torque increase!* 
circuit shown in Fig. 141. 


Reversing and Dynamic Braking of Shunt Motors 


Fig. 134 shows methods of dynamic braking for use with certain 
types of series motors. The problem of dynamic braking shunt 
motors is similar in many respects. In order to secure the reverse 
torque for braking, it is necessary to reverse the current flow through 
either the armature or the field, but not both. If the armature is 
short circuited, the reverse voltage generated in the armature 
will drive current through the armature in a direction opposite to the 
current flow when the motor was running. Since the current in the 
armature reverses its direction, it is advisable to keep the field 
energized in the same direction when a motor is braking as when it 
is running. 

Where it is possible to employ in the field circuit a separate switch 
that can be closed before the motor starts to run and that will not be 
open again until the motor has come to rest, this switch may apply 
power to the field whether or not power is flowing to the armature 
and control relays need not incorporate provisions for keeping the 
field energized during the braking interval. Where the field depends 
upon windage from the armature for cooling, care must be exercised 
to prevent overheating in the field windings if the field is left energized 
when the motor is at rest. 




Fig. 143 shows a combination of reversing and dynamic braking 
relays applied to a shunt motor in which one of the relays, R3, 
incorporates a time delay to maintain the field energized briefly 
during braking. The drawing shows one side of all circuits grounded, 
but such grounding is not necessary and all of the several ground 
symbols may be connections to the negative side of the power supply. 

In operation, when switch S is thrown upward, the coil of relay 
R2 is connected in series with the coil of R3. Relay R2 transfers its 
contact so that current flows through the armature toward the left, 
reaching ground through the normally closed contact of relay Rl. 
Simultaneously, relay R3 closes its contacts energizing the motor 
field. J 
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The motor will then rotate in one direction until switch S is 
returned to its open mid-position. When this occurs relay R2 will 
id urn to the normal position immediately, short circuiting the arma- 
111 re. Relay R3, which opens sluggishly, will maintain power on the 
field long enough for the motor to be braked to a stop. During this 
I,raking action current will flow through the armature from left to 

light. 



Fig. 143. Reversing and Dynamic Braking D-C Motor 


When switch S is operated downward, the coils of relays Rl and 
R3 will be connected in series, and the combination will operate in 
the same manner except that the direction of the current flow through 
the armature will be reversed, and the motor will rotate in the 
opposite direction. 

The arrangement just described will develop the strongest possible 
braking action as the field is energized 100 percent during the entire 
braking period. Where the application will permit something less 
than the maximum possible braking effort, the delay function can be 
omitted from relay R3 and a field discharge resistor FDR may be 
added as shown in the dotted symbol. 

With this arrangement the field relay will open simultaneously 
with the armature relay. The inductance of the field will, however, 
maintain an appreciable current flow through the field winding and 
through FDR. This discharge field current will decrease fairly 
rapidly when the contact of relay R3 opens, and as the current 
reaches zero, the braking effort will be very weak because it will 
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depend entirely on the residual magnetism in the field structure of 
the motor. Whether the discharge current of the field will last lonfl 
enough to afford satisfactory braking depends largely on the charac¬ 
teristics of the motor and the momentum of the load driven by the 
motor. ■ 


BATTERY 


R I 


IR2 


l 

IR3 

rS 


Fig. 144. Reversing and Dynamic Braking D-C Motor 


Fig. 144 shows an arrangement that is very similar to that shown 
in Fig. 143, except that the relay coils are connected in a different 
manner. In this case the coils of relay R1 and R2 are connected 
directly and individually across the line by switch S. The coil 
of relay R3 is connected in series with the armature of the motor. 

As before, when switch S is thrown upward, the coil of relay R2 is 
energized and the current flows through the armature from right to 
left. This current usually has a high initial value so that the series 
coil on relay R3 operates very quickly to connect the field of the 
motor. When switch S is returned to the open mid-position, relay 
R2 releases. As the contacts of this relay transfer, there will be a very 
brief instant during which the armature circuit is interrupted. The 
field relay R3 may or may not open its contact during this extremely 
brief interruption, but instantly when the moving contact of relay R2 
short circuits the armature a large braking current will flow through 
the coil of R3, so that it will close its contact and will thus keep the 
field energized until the braking current, generated in the armature, 
has dropped to a negligible value. ■ 

At this time relay R3 will open, deenergizing the field until the 
motor is again started by a new operation of control switch S. A 
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qmilar cycle of operations occur when the motor is operated in the 
opposite direction by throwing switch S downward. 

Most reversible shunt motors have provision for making con¬ 
nections to each end of the armature and to each end of the field, 
i kviisionally, however, such motors have one end of the armature 
. limit grounded to the frame so that it is merely necessary to run 
lit me wires to the motor with the ground serving as the fourth 
connection. 


On such motors it is impossible to reverse the direction of current 
III rough the armature in order to change the direction of rotation 
mid in such cases a circuit such as that shown in Fig. 145 must 
lie employed. In this circuit, as power is always applied to the arma- 
Ilire in the same direction, provisions are made to energize the field 
in either direction by means of relays 111 and R2. 



Fig. 145. Reversing and Dynamic Braking Shunt Motor 


The circuit is very similar to that shown in Fig. 143 except that 
I lie armature and field circuits in the motor have been interchanged. 
Relay R3 in this case is made double-throw so that when it releases, 
a dynamic braking resistor DBR is connected across the armature. 

For quickest braking, the value of this resistor may be zero. No 
provisions are shown prolonging the application of power to the motor 
iield. It is possible, however, to incorporate a delay in relays Rl and 
112 so that they do not drop out to deenergize the field until some 
lime after relay R3 has dropped to the braking position. 

Various types and sizes of relays suitable for use in such circuits 
are described in more detail in Chapter 4. 
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Forward and Reverse Inching A 

The circuit in Fig. 146 employs a group of relays arranged so 
that the load contacts of the group may assume any one of three 
different positions if controlled by two momentary pilot push buttons, 

As labelled, the load contacts would provide for “forward”, “off”, 
and “reverse” operation of a motor. The load contacts might hi* 
changed around to provide “stop”, “slow” and “fast” operation, or 
“slow”, “medium” and “fast” operation of the motor. With any 
of these several arrangements, however, if the relay combination is 
in the mid-position as drawn, the operation of one push button will 
transfer to one extreme position, whereas from the mid-position, 
operation of the other push button will put the relay contacts in the 
other extreme position. In order to transfer from one extreme position 
to the other extreme position, however, two separate operations of 
the proper push button will be necessary, as the first operation will 
transfer the relay contacts from the extreme position to the mid¬ 
position, and the second operation will transfer them from the 
mid-position to the other extreme position. I 

This circuit employs two fast-acting relays R1 and R2 which may 
be sensitive relays with more than normal power applied to their 
coils. It also employs relays R3 and R4, each of which are two-coil 
latch type units. ■ 


It 


Rl 


R2 


R4 


R3 



REVERSE 


FORWARD 


FORWARD—j 
REVERSE—| 


Fig. 146. Two Button Forward and Reverse Inching Control 


In operation from the mid-position shown, a closure of the forward 
push button will apply power through the normally-closed contact 
of Rl to the closing coil of relay R3, which will operate to close the 
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forward load contact. Additional operations of the forward push 
button will have no effect on the circuit. 

When the reverse push button is closed, current will flow through 
I lie upper contact of relay R3, which is now closed, to the trip coil 
of R3 and to the coil of R2. It will also flow through the normally- 
dosed contact of R2 to the closing coil of R4. Since however R2 is a 
fast-acting relay, its normally-closed contact will open before the 
dosing coil of relay R4 has an opportunity to respond. Relay R3 
will trip out and open its upper contact, but the coil of R2 and the 
I rip coil of R3 will remain energized as long as the reverse push button 
is closed through the circuit established by the closing of the noimally- 
open contact of R2. 

If the reverse push button is now released, the entire circuit will 
return to the position shown in Fig. 146. If the reverse push button 
is reclosed, it will operate to close relay R4 in the same manner 
l bat the forward push button previously closed R3. 

Relays Rl and R2 may be type 112XAX as described in Chapter 4. 
Relays R3 and R4 may be any of the several latch types also de¬ 
scribed in Chapter 4. The exact selection of these units will depend 
upon the contact arrangements required by the particular application 
and upon the magnitude of the load the contact will have to handle. 


Control Relays with Overload and Trip-Free Auxiliary 

The circuit shown in Fig. 147 incorporates a trip-free feature 
that is highly desirable for use in connection with many circuit 
controls that trip out on overloads. 

On small or moderate loads, Rl may be a latch type relay such as 
Type A5DXX listed in Chapter 4. For handling heavier loads, Rl 
may be a 3-pole contactor having a trip coil TC, a closing coil CC, 
and an auxiliary normally-open pallet contact a. Overload tripping 
relays R2 and 113 may have whatever characteristics that may be 
required by the particular application. In many cases these relays 
will incorporate fixed or inverse time delays, whereas in other case's 
they may be instantaneous relays such as 8AXX (see Chapter 4). 
Trip-free relay R4 may be Type 8XAX which is approximately the 
same size as the relay recommended tor relay R2 and R3 or, lor most 
applications where the voltages handled are 220 or less, some 
economy in first cost and space may be made by substituting a 
midget equivalent Type BIX AX. Each of these types is described in 

Chapter 4. 

In this circuit the coil of relay R4 and the two coils of relay Rl 
receive their power from a d-c station bus. This is a type ol control 
that is generally employed in central station switching where it is 
essential that power for operating auxiliaries be available at all 
times in spite of possible line failures. Where the very highest degree 
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ol dependability is not required, these relay coils would receive thrift 
power from an a-c source, either directly or through a transformer 
Irom one ot the three phases shown entering the diagram at the lcft| 



Fig. 147. Control Relays with Overload and Trip Free Auxiliaries 


"Willi (his circuit, when an overload occurs on any phase, one oi 
both ol the relays R2 and R3 will become energized and will close 
their contacts, applying power to trip coil TC, thereby opening HI. 
Y\ hen it is desired to reclose relay Rl, push button PB is manually 
operated. This will apply power through the normally-closed contae! 
oi 114 to the closing coil of Rl. As soon as Rl closes, its auxiliary 
contact a will close and energize R4. This will immediately interrupt 
the power to CG. As a result, R l will be ready to trip instantly il 
the overload that originally caused it to trip recurs. J 

under these conditions, Rl immediately trips out again, relay 
R4 will be maintained energized as long as the push button is 
operated, since its double throw contact will energize its coil directly 
horn the push but ton. Before another at tempt can be made to recloso 
HI, the push button must be released permitting R4 to open and 
then the push button must again be operated. | 

Although a push button is indicated in the figure, this circuit 

element may be replaced by the contact of an automatic reclosing 
device such as a timer. J 
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Accelerating Motor Control 

I'ig. 148 is an illustration of a combination of several different 
Himponents that have been separately described. The purpose of 
i Ins combination is to connect a load, shown at the right, to a line 
i IimI is shown at the left, in several successive steps. 

The device starts to operate when push button PB1 first closes. 

I his energizes relay Rl which has three poles. The upper pole con- 
ni'cls the load to the line through the several current limiting resistors 
I'Ut 1,2, and 3, and through the coil of series relay Rg. The second 
ihiIc on relay Rl connects the other side ol the line to the load. 1 he 
lower pole acts to lock-up relay Rl- 


PB I I PB 2 



Fig. 148. Accelerating Motor Control 


If the load being controlled is a motor, or has inrush characteristics 
similar to a motor, the initial current may be excessive in spite of 
lie presence of (he current limiting resistors in the circuit, and this 
■xcessive current will energize the series coil ol Rg. II the load is a 
motor it will accelerate under this condition, and eventually its 
current will decrease to the point where relay Rg will drop out and 
this will apply power to the timer motor TM which will start to 
rotate with its connected cams in a clockwise direction. Shortly 
thereafter cam Cl will close its associated contact which will energize 
(he coil of relay Rl, and its contact will short circuit current-limiting 
resistor CLR1. If, under this condition, the load draws an excessive 
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amount of current, series relay Rs will again be energized delay inn 
further steps until the inrush current subsides. If there is no excessive 
inrush, the timer motor TM will continue to run. In any event, |] 
will run when the excessive inrush has subsided. ■ 

After a further delay, cam C2 will close and through relay R2 it 
will short circuit current limiting resistor CLR2. Again series relay 
Rs may or may not delay further operations of the timer. H 

After a further delay, cam C3 will operate through relay R3 to 
short circuit current-limiting resistor CLR3, thereby applying full 
voltage to the load TM deenergized by cam C3. This condition 
will then continue until normally-closed push button PB2 is operated, 
This will open the locking circuit on relay Rl which will drop open 
and deenergize all of the relays. In opening, relay Rl, by means ol 
its bottom pole, will also set up a restoring circuit through the timer 
contact operated by the restoring cam CR. This circuit will apply 
voltage to the timer motor until it has rotated to its initial position 
where cam CR will stop the timer motor in the position shown, 
ready to start a new cycle when push button PB1 is again operated. 

Relay Rs is Struthers-Dunn Type 149XAX as described on Page 
362. It should be provided with a coil having proper characteristics \o 
operate in connection with the load that is to be controlled, and it m 
operating point will depend upon the inrush that may be anticipated 
at the various steps in the accelerating cycle. Relay Rl may be ;i 
type 84BAX and relays Rl, R2, and R3 should be Type 8AXX for 
voltages below 250 or type A8HXX for higher voltage service up to 
600 volts. The timer is Type APS4Z with cams cut. to provide the 
proper intervals between successive steps required by the charac¬ 
teristics of the load. ■ 


MOTOR CONTROL CIRCUITS 

^^ mmmWkmmmmm 

tingle Phase Motor Starting 

Single phase a-c motors usually require different connections for 
nl iirting than for running. In many cases the connections are 
• limited by means of a centrifugal switch built into the rotor and 
tins switch is a frequent source ol trouble. Usually it is lightly con¬ 
tracted to reduce, as far as possible, the centrifugal forces act ing on 
I he various parts. Also it is often inaccessible lor inspection or 
1 ,-nair and frequently it is located so that the cooling air passing over 
it deposits a considerable amount of dirt on the operating parts. As a 
result, there is a tendency to replace the centrifugal switch with a 
relay to accomplish the same purpose. The relay may be mounted 
directly on the side of the motor or it may be mounted remotely in 
I he control box. The relay may employ a shunt coil, thus opeiatmg 
hy voltages generated in one ol the motor windings as the motor 
mines up to speed, but the simplest arrangement is a relay with a 
aeries winding as shown in Fig. 149. 



Fig. 149. A-c Motor Starting Relay 


This relay has a normally-open contact. When power is first 
applied to the motor by closing the line switch, the running winding 
draws a large inrush current due to the fact that the motor is at lest, 
and there is no back voltage being generated to oppose the flow of 
current through the coil. The relay is adjusted to pick up and transfer 
its contact to the operating position when this large current Hows 
briefly through the coil. The starting winding is therefore imme¬ 
diately connected into the circuit and the rotor starts to turn. As it 
gathers speed, the back voltage generated in the running winding 
increases with the result that the current through the running wind¬ 
ing decreases. The relay is adjusted to drop out and open its con- 
lact when the current through its coil decreases to a value somewhat 
higher than the full load current of the motor. When this occurs, the 
starting winding is deenergized and the motor continues to run due 
t o the current through the running winding. 

Care must be taken to adjust the relay so that it will operate with 
l lie current through its coils somewhat less than the maximum value 
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through the running winding under stalled conditions. Since thfl 
motor may have to start under conditions of low line voltage when 
this current would be somewhat less than normal, the relay must hd 
adjusted to pick up even under this subnormal condition. Sine] 
many motors are used in services where they must carry more than 
their rated load briefly when first started, the relay must drop oul 
when the current through the operating coil is reduced to a value 
well in excess of the full load value. V 

Usually, a somewhat different coil winding will be required on the 
relay for every different size of motor. An exception to this in 
encountered where one motor having double the horsepower of 
another for operation on double voltage will usually draw about the 
same current. In other words, a three-quarter horsepower 110 veil 
motor may be expected to use the same relay as a one and one-half 
horsepower 220 volt motor. ^ 

Any of the industrial relays listed in Chapter 4 are suitable for 
applications of this type. Where the relay is to be mounted directly 
on the motor, as in a small junction box, space is usually very limited 
and especially compact forms of standard relays have been developed 
for such applications. 1 


Circuit Breaker Reclosing Scheme 

Frequently it is necessary to provide for the automatic reclosing 
of circuit breakers when they have been tripped by the operation 
on an overload relay or similar device. Such tripping is often caused 
by momentary transient conditions that clear themselves when power 
is applied to the line. Where the overload has been due to an arc-over 
across a string of wet insulators, the original arc may have dried the 
insulating surface, and when the first tripping extinguishes the arc- 
over, the arc will not be reformed when power is re-applied. Other 
overloads may result from foreign materials such as tree branches 
falling across a transmission line, in which case one or two brief 
applications ol power to the line may burn away the foreign material. 
Other overloads may result from faults in some remote branch 
circuit which opened several circuit breakers simultaneously. If an 
attempt is made to reclose all of the breakers, only the most remote 
one will fail to reclose and the trouble will be isolated in the system. 

Thus, it is common practice to attempt several reclosures with 
little or no delay between successive attempts. In order to assure 
proper isolation of a recurring fault in some remote pg,rt of the 
system it may be desirable to have breakers in various parts of the 
system attempt to reclose a different number of times, and to schedule 
the reclosings to occur at different intervals. In any case, after some 
definite number of attempts to reclose have proved fruitless, the 
reclosing equipment should lock out of service pending manual 
resetting. 
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big. 150 portrays a combination of equipment that is capable 
••I operating in the manner described. LTR is a circuit breaker or 
line tripping relay, with closing and opening coils. OLR is an 
overload relay that closes its contact when an overload occurs. 
j'|iis unit may either be instantaneous or may introduce an inverse 
I lino delay depending on the requirements of the system. TR1 and 
nt‘2 may be ordinary auxiliary relays or they may have time delays 
In order to cause proper functioning of the circuit. SR is a stepping 
relay which operates its contacts in sequence by means of cams D, 

I; and F. This sequence is stepped in a forward direction by means 
ol the step coil. At any point in its cycle it may be returned to its 
Initial position by brief application of power to the reset coil. MR 
in a push button arranged to restore the reclosing equipment if it has 
hren locked out of service by an excessive number of reclosures. 

As shown, the positive station bus is connected through contact 
<! of relay LTR, and contact F of SR to the coil of TR1, which 



Fig. 150. Circuit Breaker Reclosing Scheme 
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closes, and this in turn applies power to the closing coil of LTW 
Sequence relay SR is in its home or initial position, and therefore 
its contact D is open. In any other position, contact D is closed and 
if this is closed at the same time that contactor LTR is closed then, 
after a momentary delay, relay TR2 will operate the reset of SR t4 
return this relay to its home position. If, however, LTR trips open 
as soon as it is closed, TR2 will not have time to operate. Con* 
sequently, sequence relay SR will not he reset hut will continue In 
advance for the desired number of steps, after which contact F will 
open, thereby breaking the circuit to the step coil and to the coil of 
TR1, making further reclosures impossible until the manual reset 
MR is operated. 

Contact E on the sequence relay may operate in any desired 
manner in order that the position of the sequence relay may be 
reported remotely by means of the trip indicator lamp. I 

If relay TR1 is made sluggish in operation there will be a corres¬ 
ponding delay between the tripping of LTR and its automatie 
reclosure. The sluggishness of time relay TR2 determines how Ion* 
relay LTR must remain closed before the emergency condition in 
considered passed so that the sequence relay may reset in order to lie 
ready for the next emergency. V 

Relay OLIt should be selected to trip as required by the circuit. In 
many cases where only brief delays are desired, relays TR1 and TRa 
may be inertia units such as Type BPW described in Chapter 4, 
For some applications it is possible that LTR would have to stay 
closed several minutes in order to indicate that an emergency hail 
passed. In this case a slower relay such as PSEH1 may be used in 
place of relay TR2 in order to secure an}' desired delay. H 

The sequence or ratchet relay SR is provided with a reset and n 
spring return similar to Type 99CXX described in Chapter I 
This relay is available with its three cams cut to specifications to 
provide for any sequence of contact operation. When ordering such 
units a table should be prepared showing the desired operation <>l 
each of the contacts in each of their several positions. The home posi 
tion is the one assumed immediately after the device has been resol 
The cams are returned to the home position by means of a spring, 
Whether each of the contacts is opened or closed in the home po¬ 
sition, and whether opened or closed in steps 1, 2, 3, etc., should bo 
definitely specified. ■ 

Combinations such as the one described are usually designed In 
provide three attempted reclosures before the lock out. In sonic 
instances, particularly in conjunction with unattended substations, 
it is desirable for the device to make a great many attempts to close 
before locking out of service. In some instances for such service, an 
many as 22 automatic reclosures may be provided by such a 
combination. ■ 
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V/arious Basic Timing Cycles Obtained from Round-and- 
Hound Timer Combinations. 


Several timing cycles can be obtained in different ways. One 
important method of securing these various types of delay utilizes 
ii repeating “round-and-round” timer unit such as Type APS YI 
ilcscribed in Chapter 4. 

When such a repeating timer is properly interconnected with one 
or more instantaneously operating magnetic relays, all of the various 
basic time cycles can be reproduced. Combinations such as these 
will provide extremely accurate delays. When such a combination 
l*i employed it must be remembered that any power failure during the 
cycle or any failure of operation of the controlling pilot contact 
during the cycle will interrupt the cycle. When conditions art; 
returned to normal, the interrupted cycle will continue from the 
point where it was interrupted. 


'Timers such as Type APSY1 are built to operate at a definite speed 
of rotation, and it is difficult to change this speed in the field. It is 
comparatively simple to employ a single lobe cam or one having 
two or more lobes. For instance, if the cam shaft makes one revolu- 
I ion per minute, the cam-operated contact may close for 30 seconds 
mid open for 30 seconds, or it may close for 20 seconds and open for 

10 seconds. Either of the above combinations could be secured with 

11 single lobe cam. With a double lobe cam the contact might open 
mid close for 15 seconds each, or it might open for 20 seconds and 
dose for 10 seconds. Extending this still further, a triple lobe cam 
might open for 10 seconds and close for 10 seconds. In any event, the 
Hum of the open and closed time when multiplied by the number 
of lobes must equal the time of one revolution, which in this case is 
one minute. Any cam that fulfills these conditions can be supplied 
l»y Struthers-Dunn or, in an emergency, one can readily be fabricated 
in the field from sheet plastic. 


Fig. 151, 1 shows such a repeating timer on the left interconnected 
with a magnetic relay RS, and the combination is controlled by a 
.'{-wire instrument. 'The 3-wire instrument may of course be replaced 
with two normally-open pilot contacts. 


As shown in 1 all circuits are open. If the moving arm of the 
instrument transfers to the right, a circuit will be established 
through the normally-closed contact of relay RS to the motor. The 
motor will advance the cam until the cam-operated contact closes. 
This will energize relay RS which will disconnect the motor. Relay 
ItS, the motor, and the cam will then remain in this position until 
I lie moving contact of the pilot instrument transfers back to the 
left, whereupon power will again reach the timer motor, and the 
cam will be further advanced until the cam-operated contact reopens 
and deenergizes the coil of relay RS. This operation will return the 
whole circuit to the starting position, in readiness for a new cycle. 

It will be noted that when the pilot contact transfers to the right, 


247 








RELAY ENGINEERING — STRUTHERS-DUNN, INC 



Fig. 151. Methods of Obtaining Fast or Slow Operation of Standard Relays, and Methods of Interconnecting 


_ TIME DELAY CIRCUITS _ 

H„.rc is a delay corresponding to the raised portion of the cam before 
1 1„ ( relay is energized. When the pilot contact transfers to the left, 
there is a delay corresponding to the depressed portion of the cam 
before relay RS is deenergized. Any additional contacts such as G, 

11. or J that may be carried by the armature of relay RS will operate 
with a delay in both directions. Contact G will close some time after 
the pilot instrument has transferred to the right, and wdl open some 
lime after the pilot contact has returned to the left. Contact H will 

.. some time after the pilot contact has transferred to the right 

„!„! will close some time after the pilot contact has returned to the 
|,.ft. Contact J will similarly delay its transfer upward and its 

Intnsfer downward. 

In Fie 151, 2 is shown a fast acting relay RF controlled by a 
mmole 2-wire instrument to afford instantaneous operation of con¬ 
tacts K, L, and M. It is frequently advantageous to combine 
instantaneously-operated contacts with delayed-action contacts for 
controlling loads which do not require a delay. Also it is sometimes 
advisable to interconnect an instantaneous contact with a delayed- 
action contact in order to secure the particular results required. 

Pi cr 151, 3 shows a delayed-action combination similar to that 
Mhown in 1 combined with an instantaneous relay similar to that 
shown in 2. Both of these units in turn are controlled by a d-wire 
pilot instrument or its equivalent. Contact arrangements A, B, 

<! D, E, F illustrate several of the possible interconnections between 
a fast-acting and a slow-acting contact that may be controlled by 
a pair of relays such as shown in 3. 

Contact group A consists of a normallv-open contact S that 
operates with delayed opening and delayed closing, and ^-opeia- 
ting contact F that operates in both directions without delay. With 
these two contacts connected in series, when the pilot instrument 
contact swings to the right, F will close immediately, but the circuit 
will not be established through the combination until somewhat later 
when S closes. However, the instant that the pilot contact swings to 
I he left, F will open immediately and, although S does not open until 
the expiration of the delay period, the circuit through the combina- 
I ion is interrupted instantly upon the transfer of the pilot contact 
lo the left. Where such a combination is the only one to be con- 
I rolled by a repeating timer, the depressed portion of the cam may 
| )e extremely short since this governs the time required lor b to 

reopen, which is of little importance. 

If two normally-open contacts similar to those shown in contact 
arrangement A are connected in parallel as shown in contact 
arrangement B, somewhat different results are obtained. Imme¬ 
diately upon the transfer of the pilot instrument to the right, a last- 
acting contact F will close and establish a circuit through the com¬ 
bination. Somewhat later, slow-acting contact S will close paiallehn 0 
contact F. As long as the pilot contact remains to the right the 
circuit through the contact combination will remain closed. When 
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the pilot contact returns to the left, relay contact F will open jitnl 
mediately but the circuit through the combination will remffl 
closed until the expiration of the delay period, when S opens and 
breaks the circuit. If this B combination is the only group of contact! 
to be controlled by the cam, the raised portion of the cam may bl 
very short since this raised portion merely determines the elapse of 
time between the closing of F and the closing of S which is of little 
importance. /T 










* 

SI 


f, 




Fig. 152. Additional Timing Cycles Obtainable by Varying the Connection! 

Between Fast Contacts (F) and Slow Contacts (S) 1 


The use of contact combination C results in still another time 
cycle. This combination consists of a normally-closed contact on the 

•/ v 

fast relay and a normally-closed contact on the slow relay. In C, 
these two contacts are connected in parallel. The circuit through 
the contacts is normally-closed. When the pilot contact swings to 
the right, load contact F opens immediately, but the load circuit 
is not interrupted until the expiration of the delay interval when 
contact S opens. The load circuit then remains open until the pilot 
contact returns to the left when the load circuit immediately recloses. 
Since, in this case, the release time of the slow relay is of little 
importance, the depressed section of the motor-driven cam may be 
extremely short. S 

Contact combination D, like the combination shown in C, consists 
of a normally closed contact on each of the two relays. In D, however, 

■ 
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IIichc two contacts are connected in series so that the load circuit 
llirough the contacts is interrupted instantly when the pilot contact 
•wings to the right and F is opened, whereas the load circuit does not 
return to its normally-closed position until S has reclosed after the 
i k | ti ration of a time delay depending on the length of the depressed 
, it! ion of the cam. With this combination, shown in D, the duration 
nf l he raised section of the cam is of little importance. 

The load contact combination shown in E consists of a single-pole, 
ilouble-throw load contact on each of the two magnetic relays. When 
ilic pilot instrument contact in (3) swings to the right, F transfers 
Instantly, but in transferring does not switch the load circuit. The 
load circuit is transferred at the expiration of a time interval, when 
contact S transfers upward. When the moving contact of the instru¬ 
ment returns to the left, load contact F instantly transfers the load 
circuit back to its original connection. After the expiration of a 
further delay, contact S transfers back to its original position. In 
doing so it does not switch the load circuit. During this final transfer 
nf contact S, in diagram E, there may possibly be a momentary inter¬ 
ruption of the load circuit during the transfer, but this will rarely 
extend for more than 10 or 15 milliseconds, which may be ignored in 
practically all applications. This combination does not employ the 
delay occasioned by the depressed section of the cam which may be 
quite short as its duration is of little importance. 

The load contact combination shown in F also consists of a single¬ 
pole, double-throw load contact on each of the load relays. The 
interconnections are different than in the previous case. When these 
interconnections are employed, the load circuit is transferred in- 
Htantly when relay F is energized. The later transfer of S has no 
effect on the external circuit, except for a very brief interruption. 
However, when the pilot contact returns to the left the load circuit 
is not transferred back to its original condition until the expiration 
of a delay interval when S transfers. This combination does not 
usually employ the delay caused by the raised portion of the cam, 
l lie duration of which is of little importance. 

Although all of the foregoing delay circuits have assumed the use 
of a 3-wire pilot instrument as shown in (1) and (3), it is possible by 
I lie use of an auxiliary contact on the fast-acting relay to control 
such a combination by means of a 2-wire non-chattering pilot contact 
ns shown in Fig. 151, 4. Any one combination or any desired group 
of combinations may also be controlled by this circuit it the slow- 
acting contacts S are operated by relay RS, and the corresponding 
last-acting load contacts are operated by relay RF. 

By means of these combinations, it is possible for a user to employ 
a very inexpensive precision timer in combination with more or less 
standard types of auxiliary relays. Thus he can secure a combination 
of functions that would ordinarily require an especially designed 
timer which might cost several times as much as these relatively 
simple components. 
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Several other common connections between the contact of a fi 
relay and a slow relay are shown in Fig. 152. i 

Dual Purpose Recycling Motor Driven Timer H 

A precision type immediate-recycling motor-driven timer such mm 
T ype PSAU1 described on Page 366 is comparatively expensive and, 
under some conditions, it is possible to interconnect one of these 
units with inexpensive relays in order to permit the same timer 
mechanism to determine the duration of two or more different inter* 
vals, provided these different intervals need not be timed simul¬ 
taneously. Other and even less expensive means are available by use 
of the circuit shown in Fig. 151. These other means are not im¬ 
mediate recycling, and therefore cannot be used if an interruption 
of the cycle during the delay period must instantly reset the timer to 
its initial position. Where such immediate recycling is required, tho 
circuit of Fig. 153 is ideal. 

The combination of timer and auxiliary relays is arranged so that 
the setting of cam A determines the delay in closing the load contact 
after switch S is closed, and the setting of cam B independently! 
determines the delay in the opening of the load contact when switch 
S is opened. fl 

In operation, switch S merely determines the position of the 
contacts of relay Rl. When switch S is open, the contacts of relay 
R1 are in their normal position as shown, whereas when switch S is 
closed, relay Rl transfers upward. The combination as shown is 
taking no current. When S closes, contacts G and II transfer. 


Contact G will then supply power through contact E of the latch 
i, lay R2 to the clutch coil C and the motor M of the timer unit. The 
, bitch will engage and the motor will start to rotate cams A and B. 


Contact H of relay Rl will have disconnected the contact con- 
|colled by cam B, and will have connected the contact controlled by 
i am A. When sufficient time has elapsed to permit cam A to close 
1 1 h contact, power will be fed to the operating coil of relay R2. 1 his 
will close the load contact. It will also close contact F, thereby 
.citing it up for further operations, and it will also open contact E, 

I hereby deenergizing the motor and the clutch. As soon as clutch C 
i < deenergized, cams A and B spin back under spring action to the 
position shown. Relay R2 is latched in its operated position, but 
I mill of its coils are deenergized. Relay Rl is held energized by the 
continued closing of switch S. This condition continues as long as S 

remains closed. 

When, at any time, switch S is opened, relay Rl returns to the 
position shown in Fig. 153. Relay R2 is still locked up due to 
i he closure of switch S, so that a circuit is now established through 
contact G of relay Rl and contact F of relay R2 to C and M, the 
dutch and motor of the timer. The clutch engages and cams A and 
It start to rotate. Contact H of relay III now connects the line to the 
contact controlled by cam B, and when, eventually, this cam has 
rotated far enough to close its contact, power is applied to coil 1) 
of relay 112. This unlatches this relay permitting it to return to the 
position shown. The opening of contact F deenergizes the motor 
imd the clutch, and again permits cams A and B to spin back to 
l heir normal position due to spring action. The whole combination 
has now returned to the position shown in the drawing. 


Rl 


R2 


LOAD 


Fig. 153. Dual Purpose Recycling Motor Driven Timer 
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PW Series of Delayed Action With Inertia Relays ■ 

The Struthers-Dunn Type PW Relay series consists of a slight 
modification of standard industrial units. This group is distinguished 
by a slightly special form of hinge that permits the armature d 
swing through a comparatively wide angle. The armature is weighted, 
The heavy moving structure, combined with a fairly long travel, 
result in a relay that is intentionally sluggish in operation. 

Relays employing this construction are available with a variety 
of different types of contact construction. The contacts may he 
normally-open or normally-closed, and they may operate during the 
last portion of the armature travel as the armature closes, or they 
may operate as soon as the armature starts to close. In the latter 
case they will not return to their normal position immediately when 
the coil is deenergized, but will remain in their operated position 
until the weighted armature has travelled nearly to its maximum 
opening. | 



Fig. 164. Various Timing Cycles Obtainable with Slow Acting Relays 

of PW and PF Series 


Relays employing this construction are regularly supplied with 
two independent contacts, which may have identical characteristics, 
or each of the two contacts may have different characteristics as 
selected from the several available combinations. ■ 

For convenience, in Fig. 154, various numbers of contacts have 
been illustrated on the relays merely to indicate the method of 
operation. The symbol representing these PW relays is modified to 
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how a larger than normal travel of the armature, and each armature 
nmies a rectangle containing the letter W to indicate that it is 
weighted. As can be seen, contact circuit A is normally-open and 
w hen power is applied to the coil of the relay there will be a brief 
delay before the contact circuit closes. When the coil circuit is 
mlerrupted, however, the contact will immediately open and addi- 
iional travel of the armature in opening will merely cause a wider 
gap in the contacts which have already opened. 


The contact arrangement shown in B of Fig. 154 is also normally- 
npon. In this case no contacts are mounted directly on the moving 
armature but the armature, when all the way open, separates 
m pair of relatively fixed contacts. As soon as the relay coil is ener¬ 
gized, the armature swings upward and as soon as it starts to move 
l he contact circuit closes. The contact circuit B is unaffected by the 
Iurther closing travel of the armature. When the relay coil is de¬ 
energized the armature starts to open, but the contact circuit remains 
closed until the armature is nearly wide open, at which time the 
contacts are opened. The entire delay occurs during the opening 
lime of the armature. 


In C of Fig. 154 a contact construction is used similar to that 
employed in B, except that it is so located that the closing armature 
engages the contact member only when the armature is nearly 
closed. When power is applied to the relay coil, the armature slowly 
doses and the normally-closed contacts are opened only after a delay 
when the armature is nearly closed. When the coil is deenergized the 
contact circuit is reclosed almost immediately as the armature starts 
lo open, and further opening travel of the armature has no effect on 
I lie contact. 


The arrangement shown in D of Fig. 154 is very simple. The 
contact is normally-closed and when power is applied to the coil, the 
contact opens immediately. Further closing travel of the armature 
merely widens the contact gap. When the coil is deenergized, a time 
ilclay occurs before the slowly moving armature is wide open. At the 
end of its opening travel, it closes the contact circuit. 

Occasionally it is desirable to employ a double throw contact that 
will not transfer a circuit until shortly after the relay coil is energized. 
A and C in Fig. 154 may be combined to secure a delayed-transfer 
double-throw contact as shown in E of Fig. 154. Normally the 
current will flow in lead #l and out lead #2. When the relay coil 
is energized, nothing will happen until the expiration of the brief 
delay, whereupon current will flow in #1 and out #3, and #2 lead 
will be disconnected. 


In Fig. 154, is shown a double throw contact that may be secured 
by combining B and D. With this arrangement, current will flow 
normally in lead /1 and out lead jf 2. When the relay coil is energized, 
there will be an immediate transfer. The current will flow in lead 
U 1 and out lead #3, and lead #2 will be disconnected. When the 
relay coil is deenergized, however, there will be some time lapse 
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while the armature is opening before the contacts are transfern 
back to their original position. 

Table 17 lists the operation of these circuits. 


TABLE 17 

LETTER SYMBOLS FOR COMMON TIME CYCLES 


ENERGIZED 

DEENERGIZED 

A 

closes after delay 

opens immediately 

B 

closes immediately 

opens after delay 

C 

opens after delay 

closes immediately 

D 

opens immediately 

closes after delay 

E 

M 1 transfers from # 2 
to #3 after delay 

transfers from #3 to 
#2 immediately 


F #1 transfers from #2 
to #3 immediately 


#1 transfers from # 3 to 
# 2 after delay 
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Impulse Transmitter 

One of the most popular uses for relays of the PW series is in 
applications where, for some reason, it is desired to send a very brief 
Impulse to a load. The load may be an extremely powerful solenoid, 
l lie coils of which overheat dangerously if energized for an appreciable 
length of time. Where such a solenoid is used to trip a device such as a 
circuit breaker, or where it is used in some application such as gun 
firing, there is no need for it to be energized for more than a small 
fraction of a second, and, if the current through the solenoid winding 
iK positively limited to such a brief interval, a very small solenoid 
will perform the same task that would ordinarily take a large one il 
I lie large solenoid under any conditions might have power applied 
to it for more than an instant. 




Fig. 155. Impulse Transmitter 


The circuit shown in Fig. 155 employs a relay with a contact like 
that shown in C of Fig. 154. The current flow to the load is initiated 
by the closing of a switch that is external to relay, and the relay 
after a very brief delay opens its contacts and interrupts the circuit 
to the load. 

The relay contact remains open and the relay coil remains ener¬ 
gized as long as the external switch is closed, but except for the first 
brief instant, the load is deenergized. 

When the controlling switch is reopened, the relay returns to its 
normal position as shown, ready to send another impulse to the load 
when the controlling switch is again closed. 
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Condenser Used to Modify Normal Operating Speed 

There are numerous methods available for modifying the normal 
operating speed of a relay. Where the relay coil operates on direct 
current at fairly high voltage, a condenser may be incorporated in 
the circuit to secure either faster or slower operation than normal. 
The higher the resistance of the relay coil, the greater will be the 
effect secured from a condenser of a given size. When a relay coil has 
comparatively low resistance either due to the fact that the relay 
operates on low voltage or to the fact that it is insensitive, the neces¬ 
sary condenser becomes so large as to make the scheme impracticable. 


^ o i 



Fig. 156, 1-2. Condenser Used to Delay Operation of Relay 


In Fig. 156, 1 a relay coil circuit is shown in which a condenser 
C is shunted directly across the relay coil Rl. When the controlling 
switch S is closed, the full supply voltage is immediately applied to 
the relay coil regardless of the condenser. Therefore the condenser 
has little, if any effect, on the closing speed of the relay. 

When switch S is opened, however, the inductance of the relay 
coil will briefly maintain a current flow through the coil. This current, 
will flow into the condenser, discharging the condenser from its 
original charge and recharging it in the opposite direction. 

Under some circuit conditions, an appreciable oscillatory current 
will be set up in the circuit comprising the relay coil and the con¬ 
denser and, with some relays, the armature will be held closed until 
the oscillations in the resonant circuit have diminished considerably 
after several reversals in the current flow. In other cases the relay 
will drop open the instant the current has dropped to zero, and before 
the current in the coil reverses. In order for the circuit just described 
to be effective, there should be no other power consuming devices 
shunted across the relay coil. 

Fig. 156, 2 is similar to 156, 1 except that a load of some nature 
L which may be a lamp—has been shunted across the coil circuit. 
In order for the condenser and coil circuit to be properly effective it 
is necessary to isolate them from the load L by means of the resistor 
CLR. The presence of this resistor in the circuit will have a twofold 
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effect. It will, at least to some extent, delay the closing of the relay. 
When switch S is open the condenser is completely discharged. At the 
instant switch S closes, the discharged condenser is equivalent to a 
short circuit across the relay coil. Current to charge the condenser 



Fig. 157, 1-2. Condenser Used to Delay Operation of Relay 


is drawn through resistor CLR, and the greater the resistance, the 
more time it will take to charge the condenser. When the condenser 
is sufficiently charged so that the voltage across its terminals is high 
enough to close the relay coil, then the relay will operate. With 
switch S open, the discharge current from the condenser will divde. 
Part will go through the relay coil to delay the opening of the relay, 
and the remainder will flow through CLR and L performing no useful 
function. 

£ L o kj Cl o 

tj o/? ivAi t'7 vi'A'5 C 



Fig. 158, 1-2. Condenser Used to Delay Relay Pick-up 


Under some conditions it is desirable to modify circuit Fig. 156, 1 
by adding a resistor in series with the condenser as shown in Fig. 
157, 1. The advantages of this circuit are twofold. If there is no 
resistor in series with the condenser, the switch S may be called upon 
to make a substantial inrush current due to the sudden charging of 
the condenser. Where the resistor is connected in series with the 
condenser, the charging inrush is greatly limited. 
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In many cases, a relay such as R3 may have characteristics that 
permit it to hold in on a small fraction of its normal current, and if a 
resistor is used in series with a condenser, the condenser will discharge 
more gradually and will furnish a small amount of current for a longer 
tune to a relay coil. The arrangement shown in Fig. 157, 1 does not 
modify the pick-up time of the relay as full line voltage is applied to 
the coil instantly when the controlling switch is closed. 1 

In Fig. 157, 2 is shown another arrangement that is intended to 
delay the opening time of the relay without delaying the pick-up 
time. 1 he delays that can be secured with a condenser vary with the 
applied voltage and with the resistance of the coil circuit. There is a 
definite limit to the amount of resistance that can be secured in a 
relay coil. For instance, many relays are available with a maximum 
resistance of from 10,000 to 25,000 ohms. See 112XAX Chapter 4 
Page 352. ’ 


Myr CUlO'di 

A*-' 0 K. /• *) V 



6 

Fig. 159. Condenser Used to Accelerate Relay Operation 


In a relay of the sensitive type such a coil will operate on less than 
15 volts, and a much longer delay can be secured if 115 volts or more 
are used to operate the coil. With the circuit shown in Fig. 157, 2, 
a 25,000 ohm, 15 volt coil can be used on, let us say, 230 volts. The 
excess of 215 volts over that required to operate the relay can be taken 
up in a 0.3 megohm resistor as shown in CLR. 

Condensers are generally more effective in delaying the release of a 
relay than in delaying the pick-up. Most circuits that delay the pick¬ 
up time will be found to delay the release. Fig. 158, 1 is an excep¬ 
tion to this rule, as it will delay the pick-up, but has no effect on the 
release time. In order to employ this circuit the relay must have a 
double-throw auxiliary contact which is connected in the manner 
indicated in Fig. 158, 1. In this circuit, when switch S is first closed, 
the entire voltage drop will occur in resistor CLR since the relay 
coil is connected in parallel with the discharged condenser. 

As current leaks through CLR the voltage across the condenser and 
the coil will gradually increase. As the voltage increases, more and 
more of the total current will flow through the relay coil, and a smaller 
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and smaller percentage of the current will flow into the condenser to 
increase its charge. Finally the voltage across the coil and condenser 
will increase to the point where the coil will operate. As soon as the 
relay armature closes, the condenser will be disconnected from the 
coil and it will be short circuited and thereby discharged. 

When switch S is reopened the relay will open in the normal 
manner. Due to the fact that the condenser was discharged, there 
will be no possibility of a pumping action resulting from a condenser 
discharge through the coil. Fig. 158, 2 illustrates this circuit in 
elementary form. Circuit #1 shoves the resistor, relay coil, and 
condenser as they are connected for delayed pick-up of the relay, and 
circuit #2 shows the condenser as it is connected for immediate 
drop-out of the relay. 

In Fig. 159 a somewhat different arrangement is shown wherein 
the condenser is connected to close the relay more quickly than 
normal. In this case, as in Fig. 157, 2, the relay coil should be 
wound to operate on a fraction of line voltage. When switch S is 
first closed the condenser by-passes resistor CLR, and a strong 
voltage impulse is sent to the relay coil R6 to cause it to close very 
rapidly. After the initial strong impulse has closed it, it is held closed 
by the smaller steady current flow through the resistor. The con¬ 
denser-resistor combination has no effect on the release time of the 
relay. 
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Delay by Means of Hot Wire Timer 

Most thermal relays move their comacts very slowly when heat in 
applied. While a snap action can fce secured by means of some 
mechanical attachments, it is frequently more convenient to inter¬ 
connect the thermal relay with an eectromagnetic relay in order 
to secure the quick make-and-break action, the substantial contact 
pressure, and the substantial contact separation that are desirable it 
an appreciable load is to be handled ii a dependable manner. Figs. 
160, 1-2 and 161, 1-2 show several methods of making the intercon¬ 
nections between the thermal relay and the magnetic relay for thin 
purpose. 

In Fig. 160, 1 an interconnection is shown that delays the closing 
of the magnetic relay R until the thermal relay T has heated and 
closed its contacts. The operation is initiated by closing switch S. 
Power is transmitted through the normally-closed contact of relay It 
to the heater element T. As T heats, die moving contact travels to 
the right where it eventually closes the circuit to the coil of relay R. 



Flfl. 160, 1-2. Comparison of Circuit for Ordinary Separately Heated 
Thermal Delay Relay and Hot Wire Thermal Relay for Very Brief Delays 


Relay R immediately transfers its contacts to the operated position 
thereby opening the circuit through tie heater, and energizing its 
own coil with one pole and energizing the load with the other pole. 
v\ hen switch S is reopened, the magnetic relay instantly transfers to 
the position shown, opening the load ciicuit. As soon as the thermal 
relay has operated to pick up the magnetic relay, the thermal relay 
immediately starts to cool. It is cooling all of the time that 
relay R is energized. Usually the cooing time of a thermal relay of 
this type is approximately three times the heating time. Such a 
circuit should not be used where accurate timing must be secured if 

there is not sufficient timing between successive operations to permit 
the thermal relay to cool. 
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P ig- 160, 2 shows a very similar arrangement except that a step- 
down transformer has been interposed between the thermal relay 
nnd its source of supply. This circuit is frequently employed in 
connection with hot wire thermal relays which, in general, are only 
hi i i table for operation on low voltage. 

Whereas the type of thermal relay employed in Fig. 160, 1 can 
usually have its heater energized directly by voltages as high as 120, 
n hot wire thermal relay such as shown in Fig. 160, 2 usually operates 
around 6 to 14 volts or even less in some cases. The former relay 
lias a wound heater element that is distinct from the moving contact 
of the relay. The heat must be generated in a resistance wire, hence, 
it must flow to the surrounding insulating material. Then, usually 
l>y radiation, the heat travels to the temperature-sensitive material 
or bi-metal, which in turn operates the relay contact. In the hot 
wire type of unit, however, the current usually passes directly 
11 1 rough a wire, the expansion of which directly operates the moving 
contact. With the majority of designs, five seconds is an absolute 
minimum heating time for the wound resistor type, and five seconds 
is an absolute maximum for units employing the hot wire construction. 



Fig. 161, 1-2. Same as Fig. 160, except Immediate Recycling 


Fig. 161, 1-2 shows the same elements with slightly different 
connections so that the load circuit is not finally energized until the 
thermal unit has heated and re-cooled. These circuits are known as 
immediate recycling in that the instant one delay interval is com¬ 
pleted the thermal units are cool. Thus a new cycle may be started 
at this time without introducing an error in timing due to heat 
remaining in the thermal relay from the previous operation. 

As in the previous case, 1 shows the circuit with a wound type 
heater element, and 2 shows the circuit wfith a hot wire thermal 
relay employed. 

In Fig. 161, 1-2 the final load circuit is made by one of the contacts 
on the thermal relay. Therefore the load may be caused to chatter 
by the slowly moving thermally-operated contact. It is, however, a 
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simple matter to interpose another relay between the load and its 
supply in order to eliminate such chatter or in order to handle 
larger loads. I his has been done in the circuit illustrated in Fig. 163. 


The several components used in these circuits can be purchased 

asfembled^dh Struth( f s - Dunn can supply such combinations 
assembled with any one of various types of thermal relays in order 

to secure different delay intervals, and with different sizes of mag- 
combinations“ t0 S6CUre Van ° US COntaCt ratings and conta ^ 


Immediate Recycling Thermal Timer with Auxiliary 
Magnetic Relays 


Fig 163 shows a combination of relays that may be emnloved 

the closure of switch S, and to have load #2 deenergized immediately 

\\ hich is normally energized. It would be deenergized at the expira- 
vvFIdjf a d -° mte ^ a [ ol l°'Y in g the closure of switch S, and power 

‘“mediate recycling combination such as that shown in 
mg. 162. 1 he addition of an auxiliary magnetic relay such as 

that shown at the right of the diagram, however, greatly increases 
the flexibility of the circuit. When this right hand auxiliary relay is 

contact of the thermal relay, and due to the slow move men/of such 
a relay a magnetic or some such snap-action device must be incor 
porated in the thermal relay in order to eliminate chatter. Further- 



Fig. 162. Immediate Recycling Thermal Timer Circuit 

As Employed on Relay Type PBAG1 
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more, there is a definite limit to the amount of power that can be 
cun trolled by a thermal relay, whereas when the load is handled by 
mi auxiliary magnetic unit, this right hand relay may be selected to 
JiJive whatever load carrying capacity is required by the application. 
Tl«is auxiliary may be provided with either normally-open or nor¬ 
mally-closed contacts as shown. When a normally-closed contact is 
employed, as in the case of #1, the normal operation of the thermal 
combination is reversed. 



L OAD-LINE 


- 1 - 1 

LOAD»l | 


LOAD*2 


Fig. 163. Same as Fig. 162, with Use of Auxiliary Relay 


The circuit shown in Fig. 163 has the advantage resulting from 
its immediate recycling connections. The delay interval is com¬ 
posed of the combined heating and cooling time of the thermal 
relay so that, at the end of a delay cycle, the device is cool and can 
immediately repeat its cycle with substantially the original delay. 
Since the total delay interval consists largely of the cooling time of 
the thermal element, and since this cooling time is independent of 
line voltage, the accuracy of timing is not as greatly dependent on 
carefully maintained line voltage as is the case where non-recycling 
circuits are employed. 

The left hand magnetic relay, which may be called the recycling 
relay, and the thermal relay, may be the same as those shown in 
Fig. 162. The right hand magnetic relay or load relay, if it need 
merely control load jf 1, should have one normally-open and one 
normally-closed contact (AXA). If it need merely control a load 
such as load #2, then double-pole, normally-open contacts are 
required (contact symbol BXX). If the device is to be suitable for 
handling both types of loads, then one normally-open and one 
double-throw contact are required (contact symbol AAX). Relays 
with these several types of contacts are listed in various sizes in 
Chapter 4. 
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Extending Thermal Timers 

Figs. 164 and 165 illustrate methods of extending the duration 
of application of power to a load that may be operated from a very 
brief closing of pilot contacts such as the push button PB. J 

The first circuit employs a mechanical-latch, electrical-reset relay. 
The use of this relay will insure the eventual application of power 
to the load even if a power failure occurs as soon as push button PJl 
is operated. The circuit shown in Fig. 165 will give identical result* 
in most cases, but if a power failure occurs immediately after closinfl 
push button PB, the electrical lock-up relay used in this case will 
be deenergized, and the load will not be energized upon restoration 
of power. I 



Fig. 164. Extending Thermal Timer Employing 
Mechanical Latch Electrical Reset Relay 


In each case, operation of the push button closes the magnetic 
relay, which locks itself closed. Its contacts then apply power to 
the load and to the heater of the thermal relay. At the expiration 
of the desired delay interval, the thermal relay contacts close and 
cause the magnetic relay to drop out. In the case of the mechanical- 
latch, electric-reset relay, the thermal relay contacts energize tho 
opening coil O, whereas in the case of the electric lock-up relay, the 
thermal contacts short-circuit the relay coil while the current in the 
circuit is limited by the current limiting resistor, CLR. As soon 
as the magnetic relay contacts have opened, there is no tendency for 
the relay in either case to reclose until push button PB is again 
operated. 

Latch relay RL may be either a midget unit of the 51 Series, or 
for handling larger loads, a standard unit of the 5 Series, as listed 
on Page 350 and Page 351. The thermal relay should be selected on 
the basis of the delay required. These units are listed in Chapter 4. 



206 



I lg. 165. Extending Thermal Timer Employing Electrical Lock-up Relay 


Impulse Limiter (Thermal) 

11 is often desirable to limit the length of an impulse to some 
predetermined value, and in many cases a circuit such as that shown 
in Fig. 166 should be employed for this purpose. Although this 
may be used in many ways, such a circuit finds widespread applica¬ 
tion in connection with audible signals which may be very annoying 
il operated for too long a period. For instance, 24-hour time clocks 
are frequently used in schools to transmit an hourly signal to a system 
of buzzers or gongs. Such clocks usually send a minimum impulse of 
several minutes duration, and such prolonged operation of an 
audible signal is undesirable. If the time clock is arranged to supply 
power to the circuit shown in Fig. 166, and the audible signals 
are substituted for the load shown in this figure, the signals will start 
I lie instant the time clock contacts first close, but will terminate after 
a very brief period. 

The actual duration of the signal will be determined by the char¬ 
acteristics of the thermal relay T. A somewhat similar operation is 
encountered in “restoration of power” alarms. In such applications 
it may be necessary to sound a warning when, after interruption, 
power is restored to a circuit. By means of this impulse limiter, 
signals may be operated briefly to show that power has been restored. 
At the expiration of the signal, the alarm will be disconnected until 
power is removed from the circuit and again restored. On some 
occasions, thermostats are installed to operate a warning signal in 
case of excessive temperatures developed in bearings and similar 
devices. On a large device it might require an hour or more for 
bearings to cool off, but the operation of the warning signal could be 
limited by this limiter circuit. 

In operation, when power is first applied to the combination by 
energizing the line or by closing switch S, power immediately flows 
to the load, and also to the thermal heater TIL At the expiration of 
the desired delay, the contact of the thermal relay TC closes and 
applies power to the coil of the magnetic relay R. The magnetic relay 
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then transfers its contact, deenergizing the load and the thermal 
heater, and, in the new position, its contact bridges TC so that thin 
relay locks itself closed electrically. The thermal heater immediately 
starts to cool and thereafter opens contact TC. However, relay It 
remains energized, and the load remains deenergized until failure 
of the power supply or opening of switch S deenergizes relay R and 
permits the circuit to return to the position shown in Fig. 166. 

A variety of different sized magnetic relays having single-pole, 
double-throw (XAX) contact arrangements are listed in Chapter 4. 
Many thermal relays that may be used to secure different timing 
cycles are likewise listed. A complete combination is available as a 
unit, or may be assembled from standard components. 1 



Fig. 166. Impulse Limiter (Thermal) 
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Extending and Limiting Thermal Timer 

Kiv 167 shows a combination of a magnetic and thermal relay 
11,at operates tb energize a load for a fixed duration regardless of 
11,0 duration of the closure of the pilot contact C. In Fig. 166 
„ combination is shown that limits the duration of power to the load 
where the pilot contacts are closed for a longer period With this 
ur ran cement however, if the pilot contacts close very briefly, the 
load would only be energized for this very brief interval- Conversely, 
(he circuits shown in Figs. 164 and 165 are intended for applications 
where the load is to be energized for some definite time exceeding the 
duration of the closure of the pilot contacts If by any chance the 
pilot contacts are closed for extended intervals, the load will also be 

energized for extended intervals. 


U 

z 


i 



LOAD 


Fig. 167. Extending and Limiting Timer (Thermal), Combining Functions 

of Relays Shown in Fig. 165 and Fig. 166 


The circuit shown in Fig. 167 differs from the foregoing in that 
the pilot contact may close for either brief or extended intervals 
and in the first case the combination will extend, and in the latter 
case the combination will limit the duration of power applied to 

the load. 

If the pilot contact C closes briefly, it immediately closes relay Rl 
through the normally-closed contact on relay R2. 1 he heater ot the 
thermal relay R2 is in parallel with the coil of relay Rl. ^ ()th ol 
these elements remain energized after the brief closure of C due to 
operation of the contact of relay Rl. At the end ol the time interval 
for which the thermal relay is adjusted it closes its contact and applies 
power to the coil of relay R2, which in turn opens its normally-closed 
contact. Since C was merely closed briefly, the opening ot the 
normally-closed contact of relay R2 deenergizes the coil ot relay 1U 
and the thermal element T permitting the entire device to return to 
the position shown, except that T will cool gradually and some 
interval will have to elapse before the thermally operated contact is 
wide open as shown. This is the recycling time which must be pro¬ 
vided between successive operations it accurate timing is requited. 
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Ihe foregoing paragraph described the operation of the circuit 
wheii C closed briefly and the combination acted to extend the time. 
If C closes for a time longer than the delay for which thermal relay 
T is adjusted the previous cycle is duplicated up to the closing (if 
thermal contact T. If contact C is still closed at this time, relay R2 
will lock closed through its normally-open contact. This relay will 
remain energized as long as pilot contact C is closed, and the normally, 
closed contact of relay R2 will be held open thus preventing thfl 
application of powder to the coil of relay Rl, the heater element of 
thermal relay T and the load. During this interval the heater 
element will be cooling. Later when pilot contact C reopens, relay 
R2 will reopen and the thermal element may be cool thus returning 
the entire device to the position shown so that it is ready to start a 
new cycle upon the reclosure of C. 

1 he relays used for this application should be of whatever capacity 
necessary to control the load which must be handled. With a 
small load up to 6 amperes, the magnetic relays may be units 
such as B1AXX for relay Rl, and relay B1XAX for relay R2. The 
thermal relay may be PHE1 or some similar unit depending on the 
duration of the delay required. 


InverseTime Overload with ImmediateTrip on SevereOverload 

Inverse time overload relays of several different designs are com¬ 
monly available. Many ol these employ a disc type motor drive to 
accomplish the desired delay. Others employ dash {jots. A decidedly 
satisfactory and extremely simple unit that not only varies its trip- 
pmg time inversely as the overload varies, but which also gives the 
advantage of extremely fast tripping on severe overloads, consists 
merely of a simple a-c magnetic relay combined with a simple thermal 
relay with the proper interconnections, as shown in Fig. 168. The 
thermal relay may be any one of several thermal units such as 
1 ype P I C, and the magnetic relay may be a midget unit such as 
u ype B1XXB or a larger unit such as Type 84XXB. ■ 

Referring again to Fig. 168, the normal current from the current 
transformer divides. Part of it flows through the thermal relay T 
and its normally-closed contact, and the remainder flows through 
the coil of relay R. The two currents reunite and flow through 
contact 2 back to the current transformer. On small overloads, the 
thermal unit gradually heats and eventually opens its normally- 
closed contact. The time required for an overload to open this con¬ 
tact varies inversely with the magnitude of the current. 1 

When the thermal relay contacts open, the entire current from 
the current transformer must flow through the coil of the magnetic 
relay R, and this is sufficient to immediately energize this relay and to 
open its contacts 1 and 2. When contact 1 opens, the circuit through 
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I Ik* thermal relays is permanently interrupted so that any chatter at 
I Ik* thermal relay contact will not cause chattering of magnetic relay 
If. The opening of relay contact 2 inserts the trip coil winding of a 
circuit breaker directly in series with the current transformer, 
(hereby tripping the circuit breaker. 

On more severe overloads, the thermal relay need not operate at 
nil. When a very large overload current flows, the portion of this 
current flowing through the coil of relay R will be sufficient to 
energize this relay, and power is immediately applied to the circuit 
breaker trip coil. In general, relays of this type trip a circuit breaker 
which, in turn, interrupts or reduces the current through the current 
transformer to such a point that the entire circuit is immediately 
returned to the condition shown in the drawing. 


CURRENT 

TRANSFORMER 


CIRCUIT BREAKER 
TRIP COIL 

Fig. 168. Inverse Time Overload with Immediate Trip on Severe Overloads 
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Single Revolution Tinier Circuits 

When a very accurate time delay relay is required, it is advisable 
to employ a motor driven device. If the delay interval must 1)6 
adjustable and if it is necessary to have immediate re-cycling ho 
that, upon the completion of one delay interval, the device must be 
ready immediately to time a similar interval, it is necessary to employ 
a timer that embodies a clutch or some similar coupling between 
the motor and the contact making cam. ] 

However, if the device need not be adjustable in time, or if it 
will never be required to initiate one timing cycle immediately upon 
the conclusion of the previous cycle, a round-and-round repeating 
timer may generally be employed, operating in conjunction with 
auxiliary relays to secure any type of a timing cycle. Typical circuits 
showing a variety of combinations of this type are shown in Figs. 
151 and 152. 1 



Fig. 169. Repeating Timer Limited to One Revolution 


In all such circuits it is necessary that the repeating timer complete 
exactly one revolution during each cycle, so that it starts from the 
same point for each successive operation. Figs. 169 and 170 illus¬ 
trate alternate methods of securing a single revolution. It is 
inadvisable to stop such a timer at a definite point in its cycle, by 
means of a contact operated by the timer motor. If such a contact 
opens very briefly, a motor may, with age, tend to increase the 
amount that it coasts when power is shut off. Therefore it may coast 
by the “off” period and accidentally start an unintentional new cycle, 
and these circuits are intended to prevent such an occurrence. 
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The circuit shown in Fig. 169 is intended for use where the con- 
Irolling switch closes for a period longer than that required for 
n complete revolution of the cam shaft. Consequently, this circuit 
limits the rotation of the cam shaft to one revolution. When the 
•witch is closed, current flows through the normally-closed contact 
nl relay A directly to the motor. Eventually the motor-driven cam 
contact closes energizing relay B, the upper contact of which in turn 
energizes relay A. The motor continues to run now due to current 
flowing through the lower contact of relay B. Eventually the motor 
driven cam contact reopens and deenergizes relay B which stops 
the motor. Relay A, however, is maintained in the energized position 
|IV current through the controlling switch and the next revolution 
of the motor will not start until the controlling switch is opened to 
release relay A, and then reclosed to again apply power to the motor. 

The relays required for this circuit may be Struthers-Dunn Types 
111 XAX and B1BXX as listed in Chapter 4. 



Fig. 170. Repeating Timer Extended to Complete Revolutions 


In Fig. 170 a somewhat similar circuit is shown. Here, how¬ 
ever, the circuit components are arranged so that the controlling 
contact (shown as a push button PB) is intended for merely momen¬ 
tary closure, and the relays operate to extend this momentary 
closure to assure a complete revolution of the timer motor. 

When push but ton PB is momentarily closed, power is fed directly 
to the motor and to the coil of relay A. The contact of relay A 
closes, short-circuiting the push button that caused it to close and 
maintaining the power supply to the timer motor. Eventually, the 
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motor-driven cam contact closes and applies power to the coil of relay 
B. The upper contact of relay B is connected in parallel with relay A 
and the push button so that this contact now' supplies current to 
the timer motor. The lower contact of relay B opens at this time 
and deenergizes the coil of relay A. The timer motor then continue! 
to rotate until the cam operated contact reopens at which time relay 
B is deenergized and the circuit is returned to the position shown in 
Fig. 170. The auxiliary relays required for this combination may 
be Struthers-Dunn Type 8AXX and BlAXX as listed in Chapter i. 

It should be borne in mind that the circuit shown in Fig. 160 
is strictly a limiter circuit. If the controlling switch is opened for 
any reason before a complete revolution of the motor is secured, the 
motor will stop immediately before the cycle is completed. Con¬ 
versely, if the push button shown in Fig. 170 is maintained closed 
for a period greater than necessary for a revolution of the cam, 
the timer motor will continue to rotate until it has arrived at the 
proper stopping point first following the reopening of push button. 
This latter circuit is purely an extending circuit and does not limit, 
the rotation of the cam. 


Pulsing Circuit—Adjustable Duration and Spacing 

Many different control applications require a series of pulses. Such 
pulses may be secured in various ways. At times a relay may be used 
to interrupt repeatedly its own coil circuit, whereas in many instances 
a round-and-round timer such as that incorporated in the circuit 
shown in Fig. 172 may be used to make and break a circuit regularly. 

Most such arrangements have different limitations. Where a 
round-and-round timer is used it is possible to change the shape of 
the cam that operates the contact so as to alter the proportions of 
open and closed time. In general, however, it is difficult to secure a 
continuous adjustment that will change the open and close times 
independently and, therefore, change the time of the complete cycle. 

The combination shown in Fig. 171 accomplishes this purpose 
by means of a combination of more or less standard components. In 
this figure, RM is a reversible motor which rotates to the right 
(clockwdse) when power is applied to RL, and rotates to the left 
(counterclockwise) w r hen power is applied to LL. In either case, 
the third motor lead is connected permanently to the other side of 
the line. Usually the motor is connected through a reduction gear 
to a cam which operates a cam-operated pulser, COP. On the same 
shaft is also connected a moving contact wffiich, in operation, 
oscillates back and forth between adjustable contacts D and P. 

A relay shown at the right of the diagram is connected so that 
one pole acts as an electric lock-up, and the other pole switches the 
hot side of the line back and forth between LL and RL depending 
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•hi I lie required direction of rotation. As show n in the figure, pow r er 
In applied to RL. The pulse circuit is closed by the cam which is 
rotating clockwise, and will shortly open COP. After COP opens 
I ho motor w ill continue to rotate clockwise until the pick-up contact 
In made at P. This will energize the electromagnetic relay which 
will immediately reverse the motor. COP will remain open for part 
i»l its counterclockwise rotation. Then, as the cam passes the position 
liown, COP will reclose. The motor will continue to rotate in a 
ruiinterclockwdse direction until drop-out contact D closes. This 
will release the magnetic relay, and again reverse the direction of 
relation to clockwise. 



Fig. 171. Pulsing Circuit—Adjustable Duration and Spacing 


Contact D is adjustable in position. If it is moved in a clockwise 
direction the travel of the motor will be reduced as will the closed 
lime of contact COP. Adjustment of contact D will have no effect 
mi the open time of contact COP. 

Similarly, adjustment of contact P will govern the opened time of 
i'ontact COP and w ill have no effect on the closed time. 

With a circuit of this sort it must be borne in mind that the time 
of a complete cycle is the time required for contact C to make a 
complete round trip, and that starting at the instant that contact 
('OP operates, contact C must advance to its limit and return before 
contact COP returns to its original position. For instance, if D and 
I* are separated by 90° and the cam shaft operates at 1 RPM, its 
complete cycle will require 30 seconds. 

The particular reversing motor shown is similar to that manu¬ 
factured by Holtzer-Cabot, but any type of reversing motor can 
I»(i controlled in a somewhat similar manner, although in some 
cases more contacts will be required on the magnetic relay. 
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Pulse Duration Detector and Supervisor 


Several systems for transmitting quantitative information over 
a pair of wires are in common use. Such systems carry names sue)i 
as “Telemeter” circuits. The complete equipment consists of a 
transmitter which converts some local condition such as pressure, 
flow, or water level, into a code, which is transmitted over wires to A 
remote receiving device that converts the code impulses back into 
dial indications or into some other useful form. The flood stage of a 

river may be transmitted in terms of feet to some recording point on 
high ground. 

In such a case an impulse may be sent every minute. If tho 
impulses are of one second duration and the interval between im¬ 
pulses is 59 seconds, a low water level may be indicated, whereas if 
the impulses are of 59 seconds duration and the interval between 
impulses is of one second duration, an extremely high water level 
may be indicated. Pulses of intermediate duration will indicate an 
intermediate water level. J 

If no pulse at all is received, the line transmitting the impulse in 
probably open circuited, whereas if there is no interruption between 
impulses, the transmission line is probably short circuited. m 



Fig. 172. Pulse Duration Detector and Supervisor 


These extreme conditions do not indicate extremely low and ex¬ 
tremely high water as might be expected, and at times it is necessary 
to employ a supervisory device that will give a warning in case of 
either open or short circuit. The circuit arrangement shown in Fig. 
172 has been developed for this purpose. It consists of a motor 
driven repeating timer that operates two contacts T and C, the motor 
being geared to cause the cams to make a revolution in a time some¬ 
what longer than the interval between successive impulses to be 
detected. Thus, when the system is operating properly, there should 
always be at least one impulse for each revolution of the cams. 
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Kach cycle of the supervisor commences when “clearing” cam C 
momentarily opens, deenergizing relays R1 and R2. The relays then 
may be reclose<} by operation of pilot contact P. This pilot contact 
may be located in the transmitter or may be the contact of a relay at 
I lie receiving end of the system. 

After cam C has opened both relays, either immediately or at 
mine later point in the cycle, this pilot contact closes. When it closes, 
current from the bottom side of the line flows through the contact 
of cam C, which is now closed, and flows through the contact of R2 
which is also closed; then through the pilot contact P and through 
I lie coil of relay III, energizing this relay. 

As long as pilot contact P remains closed, this contact together 
with the contacts of the two relays in their present position short 
circuit the coil of relay R2. When, however, contact P reopens, the 
nliort circuit across coil R2 is removed and both relay coils are con¬ 
nected in series across the line. 

Near the end of the cycle “trouble” cam T closes its contact 
briefly. If both relays have been closed due to the closing and open¬ 
ing of P, the closing of contact T does not apply power to signal S 
or trip coil TC. If, however, pilot contact P has not closed, or if it 
has closed and has not reopened, relay R2 will not be energized. 
When the contact operated by T closes, power will be fed to S and TC 
through the two cam operated contacts, and through the contact 
of relay R2. 

If it is merely desired to sound a warning when the supervisor has 
detected a circuit failure, it is only necessary to employ signal S. If, 
however, it is desired to start or stop the operation of other electrical 
equipment upon such a failure, the impulse to trip coil TC can be 
arranged to accomplish the desired switching operation. 

Relay R1 must operate on either full line voltage or in series with 
relay R2. Since both relays must operate each time the cam shaft 
revolves unless there is a failure in the supervisory circuit, the relay 
selected for this service should be capable of performing a great 
number of operations without failure. The sensitive relay types 
112XAX or 29XAX as shown on Pages 352 and 354 are particularly 
suitable for such service. These relays have single pole, double throw 
contacts and their use will permit R1 and R2 to be identical relays. 

If at any time severe contact overloading should damage the 
contacts of these relays, they may be interchanged in the circuit thus 
replacing the used contact surfaces and making them suitable for 
many more millions of operations. 
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Use of Negative Temperature Coefficient Resistors I 

It is well known that carbon is a conductor having a negative 
temperature coefficient of resistance. In other words, unlike most 
conductors, the resistance of carbon decreases as it becomes hotter, 
In connection with many devices, the change in temperature is ho 
slight that the variation in resistance is negligible. In the case of a 
carbon filament incandescent lamp, however, where the filament 
becomes very hot, the decrease in resistance, as the filament tempera¬ 
ture changes from that of the room to incandescence, is quite great, 
and this phenomenon has been employed for many years in con¬ 
nection with certain relay applications. I 

Quite recently, means have been found for increasing this effect of 
carbon resistors. Also, resistors have been developed employing 
rare earth oxides that exhibit strong negative temperature 
characteristics. ■ 



Fig. 173. Circuits Involving Delayed Relay Operation by Means of Negativo 

Temperature Coefficient Resistors 


Fig. 173 shows on the left a relay having such a variable resistor T 
connected in series with its coil. As the operating voltage of such a 
combination might be quite critical, the relay coil circuit is shown 
deriving its power from a potentiometer so that the applied voltage 
may be accurately controlled. When potentiometer P is properly 
adjusted, switch S may be closed. Initially the cold resistance of T 
will be substantially greater than the resistance of the relay coil R, 
and the current flowing through the relay coil will be insufficient to 
operate the relay. 

Since most of the voltage drop in this circuit, however, occurs 
across T, the variable resistor will heat, and in heating, its resistance 
will decrease until eventually, when it is quite hot, its resistance will 


lir loss than that of the relay coil and the relay will operate. This 
Arrangement is therefore primarily a time delay circuit. 

If, with switch S closed, the adjustment of the potentiometer is 
changed so as to' vary the voltage applied to the combination of T 
and. R, it will be found that an increase in voltage will cause T to 
become hotter, thereby decreasing its resistance. As a result, the 
increase in current through R will be much greater in percentage 
Ilian would have been the case if T had not been in the circuit. 
Conversely, if the voltage supplied to T and R is reduced, T will 
become cooler, its resistance will increase, and the current through R 
will decrease a much greater percentage than were I omitted from 
the circuit. Such an arrangement therefore lends itself to use in 
voltage sensitive marginal relay applications where a slight change in 
applied voltage should have a profound effect on the current through 

the relay coil. 

Where the negative temperature resistor is used to secure the 
maximum possible time delay, the current through the relay coil 
will start at a very low value and eventually increase to a value just 
Miifficient to operate the relay. Since slight variations in applied 
voltage cause large variations in the current through the relay coil, 
it is possible that a slight accidental decrease in applied voltage 
after the relay is closed might cause it to reopen or at least to hum 
if it is operated by alternating current. 

The circuit shown in Fig. 173 on the right illustrates a contact 
added to the relay so that when it eventually closes, it short-circuits 
the resistor, and as a result it will remain fully energized regardless of 
minor variations in the applied voltage. 1 his additional contact 
also permits the special resistor to cool while the relay is still ener¬ 
gized. Thus if switch S is opened and immediately reclosed, the 
original delay will again occur as T heats up again. 

The negative temperature coefficient resistors in the cases pre¬ 
viously discussed were heated by the current passing through them. 
In some cases such resistors are supplied with separate heater 
elements. A typical unit of this nature, as manufactured by the 
Western Electric Companv, is called a Thermistor. Thermistors are 
available either with or without indirect heating elements. When 
such a unit with an indirect heating element has a very small current 
Mowing through the variable resistor, the temperature of this 
resistor is determined almost entirely by the power input into the 
separate heater. However, when the current through the variable 
resistor becomes appreciable, its temperature is determined largely 
by the current through the variable unit rather than through the 
separate heater. A group of curves shown in the lower left-hand 
corner Fig. 354 in Chapter 9 illustrates the effect ol various heater 
element currents on the same Thermistor. 


278 


279 



RELAY E N G I N E E R I N G — S T R U T H E R S - D U N N , I N 01 



Fig. 174. Time Delay Relay Combination Employing Separately Heatod 

Negative Temperature Coefficient Resistors 


Fig. 174 shows a method of using a separately heated Ther¬ 
mistor element in order to secure delayed pick up and drop out of 
relay R. When switch S is closed, the Thermistor element T in 
heated by heater H. The resistance of T decreases until finally the 
relay operates. When switch S is reopened the Thermistor element T 
is permitted to cool, its resistance increases and, eventually, the 
current through the coil of relay R is reduced sufficiently to permil 
the relay to reopen. The circuit shown in B of Fig. 174 is rear¬ 
ranged somewhat so that the relay will close instantly when switch 
S is closed. So long as switch S is closed, and the relay is energized, 
power will be applied to heater H and therefore the resistance of 
Thermistor element T will be reduced to a low value. When switch 8 
is reopened, current passing through the hot Thermistor element will 
keep the relay closed, but the Thermistor will cool and its resistance 
will increase eventually to a point where the relay is dropped open 

The circuit shown in Fig. 175 illustrates one of the many com¬ 
binations of elements that are useful in connection with Ther¬ 
mistor circuits. Due to the fact that the current through a Ther¬ 
mistor does not change instantly, it is always possible that an 
alternating current operated relay may hum when the slowly 
changing current through its coil is in the vicinity of the value 
necessary to pick up or drop out the relay. For this reason it is often 
desirable to rectify the current and thus to operate the relay on 
direct current. 1 

Due to the fact that rectifiers change their characteristics due to 
age, a glow type voltage regulator, VR, and a current limiting 
resistor, CLR, are shown supplying a constant voltage to the Ther¬ 
mistor and relay coil circuit. With the arrangement as shown, 
nonrectified alternating current is fed into the heater element and 
any variations in the alternating current line voltage will cause 
the relay to pick up and drop out after an appropriate delay. An 
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Himngement such as this is desirable in connection with certain 
tillage regulator applications where it is desired to ignore brief 
iiiegularities in the line voltage. 



Fig. 175. Voltage Sensitive Combination Employing Negative 

Temperature Coefficient Resistors 
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Folded Circuits I 

In circuits, such as shown in Fig. 69, which employ one single pok 
one double pole and one four pole relay, it is possible to rearranic 1 
the connections so that the double and four pole relays are replan'•! 
by two triple pole relays. This procedure may not be worthwhile 
where only eight loads are involved, but if this arrangement tl 
carried one step further to control as many as sixteen loads, thru 
folding the circuit to reduce the maximum number of poles per relni 
becomes desirable. ■ 



Fig. 176. Folded Circuit employing 1 single pole, 1 double pole, 

and 4 two pole relays. 


Fig. 176 shows such a circuit unfolded which employs relay* 
having 1, 2, 4 and 8 poles, whereas Fig. 177 shows an almost iden 
tical folded circuit having the same total number of poles but they 
are divided over the relays so that, there is a single pole relay, a I 
pole relay and two 5 pole relays. Particularly in military applies 
tions, where the number of poles per relay is usually limited to six, 
such a folded circuit has obvious advantages. ■ 

The letters shown on the several loads indicate the combination of 
relays that must be energized in order to connect the load so marked. 
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Fig. 177. Folded Circuit employing 1 single pole, 1 four pole, 

and 2 five pole relays. 


Current or Series Operated Relays 

With the exception of hermetically sealed units where the current 
must be passed through relatively small glass bead insulators, there 
in no definite upper limit to the current that can be used to energize 
I lie coils of most relays when proper provisions are made. 

Where fine wire is employed, an insulating bobbin may be used to 
hold the several turns in place. When the wire cross section is large 
enough to make the turns self-supporting, the insulation may be 
applied over the winding that has been preformed about a steel 
mandrel. For still heavier coils it may no longer be practical to 
king out the starting lead past overlying layers and a single layer 
mil of edge-wound strip is the best solution. When the operating 
current in amperes is numerically equal to, or greater than, the 
ampere-turns necessary to operate the relay it is merely necessary 
lo pass a bus bar carrying the current through the more or less 
circular flux path formed by the relay frame and armature. 
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Below is shown a photograph of relay Type 192 which was design* 
for such applications, but many types of relays may be modified M 
such service. Naturally, if the current is 600 amperes or more, | 
small relay should be mounted on the conductor that serves aMj 
coil rather than mounting the heavy bus on the comparatively 
light relay. S 

In cases where the bus bar is too large to pass through the window 
in the magnetic frame of the relay it is permissible to notch the \m 
bar considerably to accommodate the relay. Excess heat developnl 
at the notch will be conducted to unnotched portions of the bus bur 
When still larger buses are encountered where notching would 
mechanically weaken them, or cause unacceptable current concent m 
tions, the bus may usually be pierced so that the relay flux path 
merely encloses part of the bus and the bus current divides so tlml 
only some fraction is used by the relay. V 



Fig. 178. Relay Type 192CXX100, currtnt 
operated, for control of welding head*. 


In certain types of circuits where the normal bus current may M 
1,000 amperes and the relay should operate on a 10,000 ampere fault 
current, it is unnecessary to enclose any part of the conductor with 
iron and the relay merely consists of armature and contacts whirl, 
may be some little distance from the conductor. 

The contacts of such a relay often operate to open a large con tael oi 
or in some other way correct the fault current that caused relay 
operation. In such cases the relay will almost immediately return In 
the deenergized position unless for some reason a manually released 
detent, or similar arrangement, is used to maintain the armature in 
the closed position and in this case the armature may carry a flag 
give a visual indication of the momentary fault current. As a rub 
such relays are specially designed for a particular application. V 

Sequence Relays 

Most single coil relays are designed to make or break certain 
contacts every time their coil is energized and to return the contact* 
to their original position every time the coil is deenergized. Then 
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*io, however, a variety of different designs of relays, known vari- 
niihly as stepping, ratchet, sequential, etc., which operate their 
Mill t acts in Accordance with some definite program differing from 
Ilutl just described. 

Home of these relays transfer their contacts from one position to 
Allot her at the instant power is applied to the coil. When the coil is 
ilooticrgized, a spring recocks the mechanism so that the beginning 
id the next application of power again transfers the contacts to a 
in’w position. In other types this operation is reversed so that a 
..|n mg transfers the contacts at the moment the coil is deenergized 

.I the next application of coil power merely cocks the spring for 

the next operation. 


* 



Fig. 179. 211XBX ratchet 
operated, sequence relay. 


belays such as Struthers-Dunn, Inc. relay Type 211, however, 
employ a design that advances a cam shaft one step at the moment 
the coil is energized and another step when the coil is deenergized. 
The design is very simple, eliminating the pawls, detents and their 
critical springs, that are commonly used on other types of sequence 
relays. Two general types are standard. One of these has a sixteen 
alep cycle which repeats its program after eight applications of 
power to the coil and the other has a twelve step cycle. 

big. 180 illustrates twenty-four contact cycles selected from the 
thousands of possibilities. Each relay mounts two sets of contacts, 
which may be single throw or double throw. Any two of the eight- 
tooth cycles (16 step) may be combined on a single relay and any two 
of the six-tooth cycles (12 step) may similarly be combined. Some 
of t he more common cycles, as shown in A, B, C, D, E, N, P, Q, R 
mid Z, which repeat after four steps, may be applied to either six- 
tooth or eight-tooth relays. Where only such programs are required 
fin eight-tooth (16 step) relay is usually employed. These cycles are 
determined by the shape of the contact operating cams that are 
mounted on the shaft which in turn is rotated by the stepping 
mechanism. 
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DEENERGIZED C0IL ENERGIZED 



Fig. 180. A few of the programs obtainable with Frame 211 

sequence relays. 
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Some idea of the number of possible combinations may be secured 
In mi consideration of a relay employing two K cams. This cam does 
mil repeat during one revolution of the cam shaft and it is different 
Ini ward and backward. The double throw contact operated by this 
mo transfers at the beginning of pulse #1, at the beginning of pulse 
It, at the end of pulse #3, and at the end of pulse #6. The next 
I muster occurs at the beginning of pulse #1 of the next cycle. Each 

• Min is located by means of 16 radial splines. By assembling one cam 
in each of the 16 possible angular displacements in respect to the 
oilier, 16 combined programs are attained. By reversing one cam 
"•I that it rotates in the opposite direction, indexing provides 16 
more combined programs and by reversing the rotation of both 
rums and again indexing, a third set of 16 combined programs is 
•illained, or a total of 48 with two identical cams. Since there are 
ilnmsands of possible cams which may be combined in pairs with 
i mcIi other and then indexed in various ways, millions of combined 
Urograms are available. 

deferring again to Fig. 181 programs A and B are double and 
■ingle throw contacts respectively that transfer from one position 
In I lie other each time power is applied to the coil. A particular relay 
may have two contacts like A, or 2 like B, and in the latter case the 

• oiitacts may operate in unison or one may close when the other opens. 

Program C is similar to A except that contact transfer occurs at 
ilii* instant power is removed from the coil. 



POLARITY FLUORESCENT 3 WAY 

REVERSAL LAMP DISTRIBUTOR 


Fig. 181. Illustrating combinations of programs from Fig. 180. 

Programs A and C may be combined, as shown at the left of Fig. 
IS I, in order to reverse the polarity of a load. There are various 
programs to accomplish this. In this particular one the load is 
ili'cnergized while the relay coil is energized, but is polarized first 
• die way and then the other when the coil is deenergized. 

A pair of programs, such as D and E, may be used together for 
Miich duties as starting a fluorescent lamp, as shown in the center of 
Pig. 181, or similarly, stating a small motor having a directional 
winding that is disconnected during normal running. 

Programs E and F may be combined to control three levels of 
(mating or illumination where E controls a small load and F a larger 
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one. The first relay operation turns on the smaller load. The second 
operation turns on the larger alone. The third operation then turn¬ 
on both loads, while the fourth operation turns them both off. 

Program G sends one long pulse for each eight short ones receive*! 
Cascaded into a second identical relay the combination gives mill 
pulse for every 64 received. This arrangement may be used, 
example, to lubricate machinery after so many operations. ■ 

Programs H and J give what might be called a toy train routine, 
Successive pulses to coil result in forward, off, reverse, off and repeal, 
Program K is a typical asymmetrical 16 step cycle referred (0 
earlier. 

The remainder of the programs illustrate six pulse (12 stop 
operation). 

L and M show a start, run, off, motor control arrangement, i t J 
similar to D and E except in this case a separate pulse is employe*! 
to disconnect the starting winding of the motor instead of openiii# 
this circuit at the end of the starting impulse. ■ 

Programs N and P show make before break contacts where a Ion* 
bunch time is required. Each contact closes at the beginning o! | 
pulse but the other contact does not open until the end of the pulli 
Programs Q and R show break before make contacts where con 
siderable off time, equaling the duration of the operating pulse, || 
required between the opening of one contact and the closing of tin 

other. S 

Program S shows a normally open contact that fails to close bn 
every third operation, while conversely, Program T shows a normalh 
closed contact that fails to open on every third operation. M 

Programs U and V indicate a combination that operates as a tlm - 
way distributor when connected as shown on the right of Fig. 18 |« 
Each pulse directs the incoming line to one of the three outgoing 

lines in turn. f 

Program W performs for a six-tooth (12 step) cycle, more or Ich* 

as Program G did for the eight-tooth cycle, giving one long cofttm i 
closure for each six applications of power to the coil. 1 

The contact shown in Program X is similar to the one employ***! 
on certain radio navigation beams. When the coil is energized by m 
series of evenly spaced pulses, one position of the double throw 
contact transmits a series of Morse code letter N’s (-. -. -.) while tM 
other throw of the contact transmits a series of Morse code lettei 
A’ s (.- .- .-). For accurate audible volume comparison, such iu* 
comparing two attenuators, if the two outputs are recombined M 
sound no modulation is heard if the two sounds are equal in level, 
but a slight difference makes the A or the N audible, thereby ideal! 
fying the signal with the least attenuation. J 

Program Y is an asymmetrical 12 step cycle, somewhat similar to K, 

Program Z shows a double throw contact performing in a marnm 
that can be secured by cam operation but which can also be obtain*■<I 
without use of a cam and one of the regular cam operated contact* 
on a Type 211 relay can be replaced with such a contact operate*! 
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illreetly by the armature. Such a contact may be normally open, 
normally closed, or double throw as shown. These relays are suitable 
I'li continuous duty and the word “pulse” has been used to denote 
•in application of power ranging from twenty milliseconds to years. 


Imphasizing or Minimizing Voltage and Current Variations 


The majority of relays are designed to operate when approximately 
micd voltage or current is applied to the coil and to release when the 
mil excitation is reduced to some very low value which may approach 
cm. Some relays, such as sensitive type 112, will withstand several 
limes normal coil voltage or current continuously without over¬ 
heating but such capability is shared by few other types. Occasions 
iiuse, however, where it is desirable to operate relays of any type, 
including type 112, over a wider range of voltages or current than 
i lie coils can absorb without severe overheating. An inexpensive 
device that will minimize such fluctuations is desirable in such cases. 
Conversely, there are applications where it is desirable to have a 
relay operate and release on small changes of applied voltage or 
current. Relays such as type 149 are designed for such service but 
I lie use of a device which will emphasize such variations in coil 
voltage or current should be considered in connection with such 
applications. 

An ordinary incandescent lamp, due to heating of its metal fila¬ 
ment, increases its resistance as the filament current is increased. 
Tlio voltage necessary to cause the current flow, being equal to the 
product of current and resistance, increases much more rapidly than 
i Ik* current. A special lamp, such as an Amperite, employing a fila¬ 
ment having a larger temperature coefficient of resistance produces 
i lie same effect to a greater degree. Conversely, an old-time carbon 
lilament lamp, whose filament had a negative temperature coefficient 
.•I resistance, decreased its resistance as the current increased, with 
i Ik* result that current changes were larger than corresponding- 
voltage changes. A solid state device, known as a Varistor, accom¬ 
plishes this same effect to a greater degree. 

Fig. 182 illustrates several circuits employing such devices. A 
resistor symbol with a superimposed plus sign is used to indicate a 
unit such as the Amperite, having a positive temperature coefficient 
of resistance, or even similar devices which do not depend on temper- 
nl ure changes in order that their resistance increases with increasing 
current. Also shown are resistor symbols with superimposed minus 
Higns to indicate a unit such as a Varistor which has the opposite 
characteristic resulting in a resistance decrease with increasing 

current. 

When it is desired to reduce the percentage of voltage fluctuations 
applied to a shunt relay coil, Fig. 182-1 shows a relay coil R connected 
m series with a positive coefficient resistor. The relay coil may have 
»i voltage rating of perhaps one-half the minimum line voltage and 
die resistance dement will pass a more or less constant current with 


289 




POSITIVE COEFFICIENT. 
RESISTANCE INCREASES 
WITH INCREASING CURRENT 


“LftftT" 


NEGATIVE COEFFICIENT. 
RESISTANCE DECREASES 
WITH INCREASING CURRENT 



Fig. 182. Positive and negative temperature coefficient of 

resistance applications. 


a voltage drop equal to the difference between the varying liin- 
voltage and the relay coil voltage. j 

In order to reduce the percentage change in current fluctuation* 
applied to a series relay coil the circuit shown in Fig. 182-2 may In- 
employed. Here a negative coefficient resistor is shunted across n 
relay coil. The coil is wound to operate on a part of the minimum 
current in the circuit and with only minor voltage chajiges acres* 
the coil, the resistor will pass whatever excess current the circuil 
carries beyond that required by the coil. 1 

It is obviously possible to absorb even greater fluctuations or to 
maintain even greater uniformity of coil excitation by substitutiiiK 
a positive coefficient resistor for the load in Fig. 182-2 thus combining 
the effects of 182-1 and 182-2. 1 

When, for any reason, it is desired to emphasize, instead of mini¬ 
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mize, 'the effect of fluctuating voltage on a shunt coil a negative 
I'oofficient resistor may be connected in series with the relay coil, as 
indicated in Fig. 182-3. A small increase in line voltage will result in 
>» current increase. This larger current will reduce the resistance of 
l lie negative coefficient device so that the current increase through 
i lie combination and the ratio of increased voltage to original voltage 
iicross the coil will be substantially greater than the line voltage 
change. 

('hanges in current through a series relay coil may similarly be 
emphasized by diverting part of the current through a positive 
coefficient shunt around the coil, as shown in Fig. 182-4. When 
current in the circuit increases the resistance of the shunt increases 
mid the majority of the increase in current must flow through the 
coil which now takes a larger percentage of the total increased current. 

For shunt applications it may be possible to replace the load in 
1*2-4 with a negative coefficient resistor. Care must be taken in any 
case involving more than one of these types of resistors. Two posi- 
live coefficient resistors in series may each try to maintain a slightly 
different constant current, or two negative coefficient resistors in 
parallel may each try to maintain a slightly different constant 
voltage across the combination. In either case the load does not 
divide equally and failure may be expected. All circuits employing 
more than one of these devices should be carefully checked to avoid 
runaway or oscillation tendencies. 

Several versions of a solid state device behave in some respects 
like a negative coefficient resistor. These units have a very high 
,resistance until an increasing applied voltage reaches some specified 
value at which time a so-called avalanche occurs. The resistance 
l lien drops to an extremely small value and remains at the low value 
until the device is restored by completely removing the applied 
voltage for a brief interval. Such devices may be used in series with 
m relay coil in trip circuits provided means are incorporated in the 
circuit for restoring the circuit. The circuit may be restored either 
l>y opening it momentarily or by briefly shunting a small capacitor 
iicross the solid state device. 


Mechanical Latches, Interlocks and Such Devices 

Where a relay employs two coils, each controlling an armature, 
I here are several commonly used mechanical latches, interlocks, or 
Much devices, that under certain conditions cause one or both arma¬ 
tures to limit the freedom of the other. 

Perhaps the most simple arrangement is used when two side by 
Hide relays have their armatures solidly coupled together. Separate 
coils and magnetic circuits are provided but if either armature closes 
the other must close, and if either is held closed the other must 
remain closed. Such a relay is employed in supervising flashing 
lumps and is briefly described in Chapter 3. 

Motor reversing relays often consist of a coupled pair, either of 
which may close provided the other is open. Both may be open 
niinultaneously but only one may be closed at any time. 
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A so-called universal latch relay, employing a non-symmetri<'HI 
latch is described in Chapter 3, while a symmetrical latch unit i| 
described in Chapter 2. | 

There are almost countless possible latch combinations. Ratlin 
than attempting to list them all, the chart below shows the 111 
degrees of freedom enjoyed by two armatures, A and B, where no 
latch or other coupling device is employed. One, or usually two or 
more, of these degrees of freedom are eliminated by the coupling 
latch or interlock. ** 


Usual Degrees of Freedom Limited by Latch Mechanism 


If A is 


If B is 


open, B if 


[closed, B if 


[open, A if 


closed, A if 


f 

stay open 

1 

open may 

[close 

2 


stay closed 

3 

closed may 



open 

4 

9 

fstay open 

5 

open may 

[close 

6 


fstay closed 

7 

closed may 



[open 

8 


fstay open 

9 

open may < 

1 

[close 

10 


[stay closed 

11 

closed may • 



open 

12 

fstay open 

13 

open may j 

close 

14 


stay closed 

15 

closed may 



open 

16 


Determining Number of Active Circuits 

It is not uncommon to require a relay to operate when some pre¬ 
determined number of switches have closed. Such problems arise 
when, for instance, for load limiting purposes, a non-essential load 
is to be disconnected whenever three or more motors in a group are 
running. In a gasoline filling station with central pumping facilities 
it may be desirable to start one pump when any dispenser is oper¬ 
ating and to start a second pump when three or more dispensers are 
delivering fuel. 

In a typical case, if there are six controls, lettered A to F inclusive', 
and it is desired to operate a relay if any one control is actuated it is 
merely necessary to place one contact on each control and connect 
these contacts in parallel. When the circuit is closed by any contact, 
simple connections cause relay operation. Similarly, if these contacts 
A to F are connected in series the relay can be operated only when 
all six controls are actuated. 
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When, however, it is necessary to operate the relay when some 
Inlcrnlediate number of controls are actuated, this system requires 
I Imt we employ two, three, or even four, contacts on each control 
mid to interconnect these contacts in some such manner as shown 
in Fig. 183. Here the first group illustrates a circuit arrangement 
that closes whenever the contacts corresponding to any two letters 
me closed. The second group shows a circuit that closes when the 
contacts associated with any three letters close. Similarly the third 
mid fourth groups show circuits for the remaining cases. 



4 

Fig. 183. Operation off a relay by intermediate controls. 


Attention should be called to the fact that any of these circuits 
can be operated in reverse. For instance, the fourth circuit, which 
closes when any 5 of the 6 groups close, will also open when any 2 of 
the 6 groups open. Thus by substituting normally-closed contacts 
for the normally open ones shown, the first and fourth method of 
connections may be interchanged and the same applies to the second 
and third group. 

Although the circuits shown are for use where a total of six con¬ 
trols are supervised, a number of things can add to the complica¬ 
tions. It may be desirable to monitor more than six circuits. It may 
be necessary to give different weights to the several controls as in 
the load limiting case where there may be motors of various sizes 
and the circuit may be required to close at some specified horsepower 
which may be several small motors or a lesser number of larger motors. 
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Further complications arise from the inflexibility of these scheme*, 
Any change requires at least a complete rewiring of the contacts an*I, 
quite possibly, the addition of many additional contacts. Therefore, 
except in the most simple cases an entirely different approach (41 
such problems is desirable. ■ 

The ideal system should avoid the use of marginal relays delicnln 
enough to detect small percentage changes in coil current or voltage, 
The system should provide for large expansion without major revi¬ 
sions and should provide means for assigning various weights or 
values to the controlling contacts and the bridge scheme next 
described accomplishes these desirable ends. 1 



Fig. 184. Bridge circuit with shunt resistor array. 


Fig. 184 shows a bridge circuit wherein C indicates the several 
controlling contacts. R 2 is a fairly sensitive relay with a rectifier 
connected in series with its coil. When all of the C contacts are open 
current will attempt to flow upward through the coil of relay R 2 but 
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A 



Fig. 185. Control 
unit made by Stru- 
thers-Dunn, Inc. for 
Wayne Pump Com¬ 
pany to operate serv¬ 
ice station pumps 
where eight dispens¬ 
ing units are supplied 
by two pumps. 


II will be blocked by the rectifier. The resistance values of the various 
n «istors forming the arms of the bridge are selected to provide the 
i|i'hired operation. All should be high enough to minimize the effect 
mI I lie resistance of the wiring but low enough to minimize the effect 
n| .any leakage current such as might be encountered if long outdoor 
inns in conduit are used. Ordinarily, two to five watts per bridge 
min will provide sturdy relay operation without the use of an 

excessively large power supply. . . , 

'typical values might involve a thirty volt d-c supply with each 

|,. K having sixty ohms at balance. The upper right arm of the bridge 

would be a commercial quality sixty ohm resistor, the two bottom 

kgs would consist of two twenty-five ohm resistors and a ten ohm 

potentiometer to provide compensation for wiring resistance and 

commercial tolerance variations. 

The variable upper left arm consists of some number of resistors 
Hint may be connected in parallel. If it is desired to make relay R 2 
operate when five of the C switches have closed then the bridge 
hould balance when four have closed, so that with any number of 
closures less than five, no current will flow through R 2 . Rach of the 
resistors in the C circuit should, therefore, have a resistance of 

210 ohms. 
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Fig. 186. Bridge circuit with series resistor array. 


If it should be desirable to operate another relay when any of the 
C contacts have closed, its coil may be connected as shown at lb 
and a slight readjustment of potentiometer P will compensate for 
its added resistance. | 

Fig. 186 shows a very similar arrangement except that in this 
case the controlling contacts short circuit one or more of a series of 
resistors. Means are also shown for adjusting the upper right arm of 
the bridge to cause it to function when different numbers of the 
controlling contacts have closed. > It will be noted that each of the 
upper bridge arms contain one resistor that, cannot be short circuited 
in order to limit the peak load on the power supply. 1 

In choosing between a shunt resistor array, as shown in Fig. 184 
and a series array, as shown in Fig. 186, best results are obtained 
if the closing of the critical switch that finally causes the relay to 
operate makes the largest percentage change in the resistance value 
of the circuit. In other words, if there are eight switches and the 
third one closes the relay, use of the parallel scheme is preferred, but, 
if there are eight switches and the fifth or sixth one operates the 
relay then the series arrangement is preferable. 1 
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I'ig, 187 shows a further modification of the basic scheme in 
which two groups of controlling contacts are balanced against each 
• •I her. Relays It, and R 2 are both deenergized when none or equal 
numbers of contacts Ci and C 2 are closed. When the number of 
dosed contacts in the Ci group exceeds the number in the C 2 group, 
relay Ri will be energized. Conversely, when the number of closed 
contacts in the C 2 group exceeds the number in the Ci group, relay 
\U will be energized. 

Where these circuits are employed merely to determine the number 
of switches that, are closed, each of the little resistors in the bridge 
control arms should have the same value. Where, however, it is 
desired to assign various weights or values to the different switches 
1 1 is permissible to increase the effect of some switches by connecting 
lliem in series with a lower resistance value in the parallel arrange¬ 
ments or to connect them to b 3 r -pass a higher resistance where series 
m rangements are employed. 



Fig. 187. Bridge circuit with balancing control contact arrays. 


The several bridge arrangements described frequently form a part 
of more complicated control circuits, of which that shown in Fig. 
ISS is typical. Here relays Ri, R 2 and U 3 are controlled directly by 
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the bridge. In the position shown, with all X contacts open, relay IJf 
would be deenergized. Since the bridge is unbalanced, relay III 
would be energized and relay R 3 would be deenergized as curreni 
through its coil is blocked by a rectifier. Terminals 1, 2 and 3 would 
be disconnected and only load P, which might be a pilot light, woulJ 
be energized to show all X switches open. V 

When any one X switch is closed, P is disconnected and line power 
is fed to terminal 1. ] 

The resistors in the bridge may be selected to cause balance when 
2, 3, or any reasonable number of X switches, have closed. 'W linll 
enough X switches have closed to balance the bridge, relay R-> U 
deenergized, thus also applying line voltage to terminal 2 as wfl 
as terminal 1. 9 


When any additional X switches close, the bridge is again unbal 
anced energizing relay R 3 . The rectifier in series with the coil of 
relay R 2 prevents it, from operating, so now terminals 1, 2 and 3 art* 
all connected to the line. M H 

Should it be desirable to energize terminals 1 or 2 or 3, instead of 
1 and 2 and 3, the alternate relay connections shown in the upper 
right corner of Fig. 188 should be employed. 1 

A typical application of this circuit might involve the control of 
three identical refrigeration units for air conditioning and the 
switches would be thermostats that closed their contacts when 
cooling was required. W hen only one or two thermostats were 
located in zones that required cooling, only one refrigeration unit 
would operate. When more thermostats called for cooling an add 1 
tional refrigerator would start up and, under extreme heat condition, 
all three refrigeration units would operate. If these loads were con 
trolled directly by the numbered terminals, number 1 unit would 
operate much of the time, while number 3 would only operate ill 
emergencies. Number 1 would probably wear out, while number II 
rusted out for lack of use. By using a stepping relay, R 4 such a* 
Struthers-Dunn Type 211, along with auxiliary relays R 5 and B #l 
the order in which the refrigeration units were called upon would he 
changed each time all thermostats were open. As shown, they would 
come on in the order BCA. The next time the order would be CAB, 
and then ABC and repeat, resulting in substantially equal service 

for the three units. ■ 

The contact code for the stepping relay is shown in the upper left 
corner of Fig. 188. This code, explained in detail elsewhere, indi 
cates that the contacts always operate at the instant that power in 
removed from the coil of relay R 4 . The contacts operate in a three 
step cycle wherein one contact is closed, then it opens and the other 
contact closes, then both contacts are open and then the cycle repeats, 

Relays R 6 and R 6 are three pole double throw units that may 
handle small loads directly or may control coils of larger relays or 
contactors such as type 48 described in Chapter 4. 1 
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Fig. 188. Application of bridge circuit control to three loads. 


299 






R E L A Y ENGI NEERI NG — STRUTHERS-DUNN, 


INC. 


Close Differential Relay Ci rcuits 



Most relays have iron armatures and these tend to be bistable 
devices. When excitation is sufficient to start the armature closing 
the closing force increases so that the armature accelerates more and 
moie rapidly until it is seated against the core. Conversely when 
excitation is reduced to the value permitting the armature to stal l 
to open, the holding force decreases very rapidly thus permitting t 
the armature to open completely. Some relays minimize this effect 
by special magnetic design characteristics. Struthers-Dunn Frame 
49 relays are typical of this special type. V 



Fig. 189. Force vs. Travel curve for 149 Frame 



Fig. 190. Close differential application diagram for 149 Frame Relay. 

f 
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frame 149 and several similar designs, however, employ repulsion 

rat her than attraction to operate the armature. Fig. 189 shows the 

unheal difference m the force-travel curves obtained from these two 
relay types. 

1 he armature of the a-c model of this relay consists of a number 

nl aluminum rings. The magnetic flux from the coil splits. Part goes 

1 'rough the rings to induce current in them while the rest of the 

llux passes radially through the current-carrying rings to produce a 

motor force. A d-c modification of this relay employs a radially 

magnetized permanent magnet ring instead of the aluminum rings 
employed for a-c models. & 



Fig. 191. Close differential relay operating auxiliary relays. 


Because the armatures of inductor relays tend to float, they are 
usually provided with tiny contact magnets to assure proper contact 
pressures under all conditions of marginal operation. Adjustment of 

these magnets requires some care if very close differential between 
operate and release is desired. 

Since close differential relays usually operate auxiliary relays, the 
circuit shown in Fig. 191 has proven satisfactory. When the moving 

T MRC swin £ s upward, power is applied to the coil of 

relay R2. 1 his coil however, is shorted by the contacts of the relays 
and the central contact of MRC. Current flow is limited by current 
limiting resistor CLR. Further upward motion of the moving contact 
opens the short circuit energizing R2. 

hen the moving contact moves downward from its extreme up¬ 
ward position, relay R2 remains operated until the contact of MRC 
opens completely. In a similar way, relay Rl is controlled by down¬ 
ward swings of the controlling contact. 

( areful design of contact MRC permits very close differential 
operation with no chatter other than that caused by rapid voltage 
fluctuations or severe vibration. 
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Fig. 192. Compact, high-current Type 215XBX relays are used in this 
Gamcwell Flexalarm cabinet for an industrial alarm signal system. 
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Relays are made in an almost limitless number of types to meet 
I lie needs of modern circuitry and equipment. Considering the 
various styles, sizes, mountings, contact arrangements and coils, 
Slruthers-Dunn itself produces more than 5,348 standard types, not 
lo mention numerous “specials” representing what is by far the 
largest assortment made by a single manufacturer. 

In many instances it is difficult to classify relays accurately. What 
might be classified as a “midget” relay may simply be a scaled-down 
version of a “small” relay. In turn, the “small” relay itself may be a 
more compact version of a “power” relay. 

In general, however, relays are generally classified as being military 
or industrial. Available types for these purposes may be subdivided 
more or less indefinitely but, in most cases these two general classi¬ 
fications suffice to guide relay users to the desired group. Then actual 
relay selection becomes a matter of contact arrangements, coils, 
sensitivity, electrical ratings, mountings, physical characteristics and 
similar factors. The object, in most cases, is to find the relay type 
most closely fitted to the exact requirement of the circuit or equip¬ 
ment in question. It is to facilitate this design and engineering 
selection that, during more than 40 years, the Struthers-Dunn line 
has been brought to its present stage of completeness to permit 
almost limitless adaptation of basic, time-proven and economical 
standard types. 

The following pages contain a brief description of the most 
widely used styles and provide a quick guide to acquaint students, 
engineers and designers with the scope and trends of modern relay 
engineering. 


Military Relays 

The first attempts to produce small, general purpose, multipole, 
military relays employed either full sized or reduced versions of types 
commonly known as telephone relays. These units had contact 
spring pile-ups actuated by unbalanced, hinged armatures. When 
hermetically sealed for protection against fungus, high altitude, 
moisture and dirt, the resulting package was large and heavy. 
Operation was adversely affected by shock, vibration and mounting 
position. Also, the insulating materials originally used on coil and 
contacts, which were excellent when ventilated, gave rise to vapors 
within the sealed enclosure that reduced reliability. For some years 
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these relays were improved, part by part, by most manufacturers 
who were then making military relays, until the design approached 
its limit of excellence. J 

The Air Force then awarded Struthers-Dunn, Inc. a research and 
development contract to design and produce a relay for this service 
that would be unhampered by precedent. It was determined that 
the magnetic structure should provide a balanced rotary movement 
to improve shock and vibration resistance. The contact springs had 
to be firmly anchored and insulated from each other and so did 
the terminals. 

Instead of using two separate assemblies connected by a maze of 
more or less flexible wires, the configuration developed permitted the 
contact springs to be welded directly to the terminals. In the case 
of a six-pole, douhle-throw relay this eliminated eighteen wires and 
thirty-six soldered connections. The resulting relay, Dunco Type 
220XFX, a cylindrical unit about \ l /% r in diameter and long 
with as many as twenty glass insulated terminals coming out one 
end is, many years later, still a pattern for the industry. 

In the meantime, a vast amount of testing and field experience 
has enabled various members of the relay industry and Struthers- 
Dunn, Inc., in particular, to improve on the original design and 
methods of manufacture. Various branches of the United States 
Armed Forces have also contributed greatly from their wealth of 
experience in the application of military relay types. 

Relays of this general style are now made with various numbers 
of contacts and with numerous contact current ratings. Each is 
available with several different terminal types and, usually, a choice 
of different mounting facilities and different ranges of service tem¬ 
peratures. 


FC-6 Relay 

The FC-6 relay, a modern evolution of Type 220XFX, withstands 
vibration up to 2,000 cycles at 30 g. without contact chatter. Con¬ 
tacts will withstand 50 g. shock for 11 milliseconds without contact 
opening. 

Six Form “C” double-throw button contacts, with extra high 
contact pressure and a large amount of over-travel are rated 26.5 
volts d-c, 2 amperes resistive. In production, each contact can be 
adjusted independently of the others. The contact bounce is less 
than 2 milliseconds maximum. Contact bounce can be held to 250 
microseconds maximum when specified. Contact resistance is less 
than 0.05 ohm initially and less than 0.1 ohm after 100,000 operations 
at rated load. 

Coil resistance for FC-6 types is 190 ohms minimum and 220 ohms 
maximum unless otherwise specified. These relays operate on a 
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nominal vdltage of 26.5 volts d-c and are adjusted to pick-up under 
IS volts d-c at maximum ambient with the coil hot. 

The relays are enclosed in nickel silver cans which are plated to 
reliance their appearance. The coil is wound on an inorganic bobbin 
/,nd wrapped with an inorganic material. There are no internal 
“gaseous” materials to vaporize under high heat and film the con- 
lads. An accurately balanced armature with precision bearings 
limits friction and assures good low-temperature operation. Com¬ 
pression type headers assure positive hermetic seals. The volume is 
1.5 cubic inches and the weight is 3 ounces. 
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Fig. 193. FC-6 


OB 


Fig. 194. FC-6-100 


Ambient temperatures are —55° C. to +85° C. for types FC-6 
and FC-6-100 and -65° C. to +125° C. for the FC-6-125 and 

FC-6-126. 

Flange type mountings have two clearance holes on the FC-6 and 
FC-6-125, or two mounting studs on types FC-6-100 and FC-6-126. 

Hook-type solder terminals are standard. Straight wire terminals 
can be furnished for plug-in or printed circuit wiring where required. 
Mange mounting with either clearance holes or mounting studs is 
standard. Flange is welded to relay case at the bottom of the can. 
Flange may also be located at top of relay can or anywhere in 
between. 
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Fig. 195. FC-4 


Fig. 196. FC-4-100 


FC-4 Relay 

KoiW + liUle n nit - is an ? u ^ r ? wth of the FC-6, the only different 
w g i ts ®^ aI1 f r size and the fact that there are 4-pole DT contact n 

\h} e vn . 6 "P? le P T ; } n all operating and environmental conditions, 
the t C-4 is identical to the FC-6. J 
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Fig. 197. A corner of the Machine Shop. Practically all tools and dies used 
In the production of Struthers-Dunn relays are made here. The shop is one 

of the largest, most complete in the relay industry. 
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FC-2 D-C Relays 

V 

FC-2 d-c relays are double-pole, double-throw, subminiature, 
hermetically sealed types that withstand 30 g vibration at 2000 
cycles, 125° C. ambient for power and low level switching. Designed 
h.v the pioneers of small hermetically sealed relays, these Struthers- 
Dunn FC-2 crystal can types represent the latest development in 
mibminiature units for exacting missile and other military uses. 

Balanced rotary armature action and a carefully designed relation 
<>!’ copper to iron produce a magnetic structure with maximum usable 
lorque characteristics. As a result, contact pressures, gaps and 
follow-up are more than adequate to meet shock, vibration and load 
handling (including low-level) requirements. Power requirements 
are exceptionally low. The operating and performance data in the 
accompanying specification for Struthers-Dunn FC-2 relays have 
been determined as a result of extensive tests conducted in accordance 
with military specifications. 


Data for Type FC-2 26.5 V D-C Relays 


Contact Arrangement .DP DT (2 Form C). 

Contact Rating .2 Amps, resistive at 26.5 V d-c and 115 V a-c: 

Also suitable for low level. 


Coil Resistance .Standard is 600 ohms ± 10% for 26.5 V d-c 

nominal operating voltage. 

Operating Data .Nominal 26.5 V d-c, relay will operate at 18 V d-c 

and hold-in at 14 V d-c, throughout the ambient 
temperature range. 

Temperature Range .—65° to 125° C. ambient. 

Enclosure .Hermetically sealed. 

Shock .Type 11, 50g intensity for 11 ±1 milliseconds. 

Vibration .0.125" double amplitude at 5 to 55 cycles and 30g 

constant acceleration 55 to 2000 cycles. 

Life ...100,000 minimum with rated contact load at 125° C. 

Contact Resistance .05 ohms maximum, initially. .10 ohms maximum, 

after life. 


Operate and Release Times. .8 milliseconds, maximum (including chatter). 
Contact Chatter Time .2 milliseconds, maximum. 

Dielectric Strength .1000 V a-c at sea level between all mutually insu¬ 

lated terminals including contact gaps, and be¬ 
tween all terminals and case. 

Insulation Resistance .1000 megohms minimum at 125° C. 

Weight .0.88 ounces maximum. 
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FCR-215 Relays 

These are diminutive, two-pole, double-throw, impulse-operated. 1 
relays. They are hermetically sealed and designed to comply with 
severe military specifications. They differ from military types 
proywiisly described in that they are impulse-operated. Also, they 
differ from industrial type ratchet relays in that they utilize a pair 
ot coupled armatures swinging in opposite directions to eliminate 
ialse operation due to the most severe shocks or vibration. 

Although relays of this type may not be substituted directly in a 
circuit designed for more common relay types, their use is highly 
recommended in suitable circuits. An impulse to the coil of approxi¬ 
mately 0.2 watt seconds will transfer the contacts which will then 
remain in the operated” position until another similar impulse 
returns the contacts to the original position. I 

In addition to the more usual applications these relays are there¬ 
fore, particularly well adapted for service in satellites or similar 
devices where the power supply must be conserved. Their use is 
practically mandatory in applications where the contacts must re¬ 
main in the operated” position when there is either intentional or 
accidental power failure in the coil supply circuit. M 



Fig. 198. FCR-215 Relay 
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FC-215 D-C Power Relays 

Dunco FC-215 Relays rated at 10 amperes are another Struthers- 
Dunn development in a continually growing line of military relays. 
I >csigned to perform dependably when subjected to high levels of 
shock and vibration, these relays are used in missiles, piloted aircraft, 
and other military devices. 

A balanced armature construction developing high torque char¬ 
acteristics results in contact gaps, pressures and overtravel more than 
adequate to meet load handling requirements under the most severe 
operating conditions. 

All internal joints are welded to eliminate contamination from 
solder flux. Clean working conditions, many cleaning operations, 
lhe use of skilled personnel and conformance to exacting quality 
control standards insure reliable operating life and long shelf life. 



Fig. 199. Type FC-215 hermetically sealed 10 ampere, D-C relay (left). 
Open view at right shows internal all-welded construction. 

SPECIFICATIONS 

Contact Arrangement. .. DPDT (2 Form C). 

Contact Rating .10 Amp. resistive at 26.5 V d-c. 

Coil Resistance .400 ohms nominal. 

Operating Data .Must operate at 18 V d-c. Must hold at 14 V d-c. 

Must release at 1 V d-c. 

Temperature Range .—65° C. to +125° C. ambient. 

Enclosure .Hermetically sealed. 

Shock .Type II, 50g intensity for 11 milliseconds. 

Vibration .Capable of continuous operation when subjected to 

5-2000 CPS, 0.5" double amplitude or 30g. 

continued . . . 
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FC-215 Specifications— continued j 

Life.100,000 minimum with rated load at 125° C. I 

Contact Drop .Less than 100 millivolts at rated current. I 

Operate Time .15 milliseconds, maximum at 26.5 V d-c. 1 

Release Time .15 milliseconds, maximum at 26.5 V d-c. I 

Dielectric Strength .1000 V a-c at sea level between all mutually insulated 

terminals, and between all terminals and case. 

Insulation Resistance. .. 1000 Megohms minimum at 500 Volts. 

Weight. 2 ounces, maximum. ■ 

Sealed Pile-up Relays 

Whereas the military type relays just described are capable of 
operating under extreme conditions, the next group is designed 
mechanically to survive extreme conditions, but to function elec¬ 
trically under somewhat milder conditions. In general they are 
suitable for operation under conditions that would be regarded hm 
severe from an industrial standpoint. Also, they are well suited for 
substantially stationary military applications after having withstood 
the rigors of military transportation, such as through surf, parachute 
drop delivery and similar treatment where considerable vibration 
and shock may be incurred. (See applicable Figures and Tables 
on the following pages.) 


180 Frame Relays 

Dunco 180 Frame relays are small, general purpose spring pile-up 
type relays. Coil operating power may be varied over wide ranges 
to accommodate many contact combinations and various operating 
conditions. These relays are extremely versatile in application, 
because of the many combinations of coils, contacts and enclosures 
that can be provided. | 

Ferrous parts are cadmium plated with a chromate finish. Non- 
ferrous parts are not normally plated. ■ 

('oils are single wound on molded Glaskyd bobbins and finished 
to suit the application. 

Standard relay coils for use in ambient temperatures up to 85° C. 
are wound with enamelled wire, covered with cellulose acetate yarn, 
and treated with acetone to provide moisture resistance. I 

Specially wound coils may be furnished for operation in 125° C. 
ambient temperatures. Coil-to-frame dielectric strength is tested to 
exceed 1000V breakdown. j 

Coils may be selected on the basis of approximately 100 milliwatts 
per pole lor applications that do not require shock and vibration 
resistance. For typical military applications, to withstand vibrations 
such as 10g\s to 500 cycles and 30g shock, the required coil power 
is approximately 250 milliwatts per pole. 1 
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Fig. 200. 180XDX Relay 


Fig. 201. 180XDXS2 Relay 


Unless otherwise specified, coils will normally be selected from the 
following table which is based on a nominal sensitivity of approxi¬ 
mately 1 watt. 


180 FRAME COIL DATA 


Nominal 

Voltage 

D-C 

Nominal Coil 
Resistance 
Ohms 

Normal 
Pickup 25° C. 
D-C Volts 

♦Special 
Pickup 85° C. 
D-C Volts 

6 

40 

4.8 

4.0 

12 

160 

9.6 

8.0 

24 

580 

19.2 

16.0 

48 

2,400 

38.4 

32.0 

115 

13,400 

92.0 

78.0 


♦For military applications when specified. 


181 Frame Relays 

181 Frame relays for d-c operation are compact and sturdy units 
offering considerable shock and vibration resistance for mobile, mili¬ 
tary or commercial applications at a reasonable price. They feature 
a rigid “box” frame for mechanical strength and a strong magnet 
assembly with a balanced armature to resist false contact operation 
from shock or vibration. Contact combinations up to 4-pole, double- 
throw or 6-pole, single-throw, are available, as are a great variety 
of mounting and terminal arrangements. 
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Fig. 202. 181XCX48M3 Relay Fig. 203. 181XBX47 Relay 


Relay 

Enclosure 

Terminals 

181 XBX47. 

Open construction 
Removable cover 
Hermetically sealed 
Hermetically sealed 

Solder 

Plug-in 

Plug-in 

Solder 

181 XCX48M3. 

181 XBX48S3. 

181 XBXS3. 



Contacts are rated 3 amperes at 26.5 volts d-c or 115 volts a-c on 
non-inductive resistance loads. Special silver contacts, rated at 5 
amperes, can also be furnished on single- or double-pole relays. 


182 Frame Relays 

182 Frame Relays for d-c operation are larger versions of the 181 
types described in the foregoing and combine their resistance to shock 
with the higher contact rating and spacing of the 218 frame relays. 
Contacts and contact ratings, overall size and available enclosures 
and mounting arrangements are the same as the 218 frame units. 
A strong magnetic structure in a “box” frame with a balanced 
armature makes these relays better able to withstand shock and 
vibration. Greater sensitivity is also possible, due to the full uti¬ 
lization of available winding space. . j 


218 Frame Relays 

Frame 218 Relays combine rugged industrial design with a mul¬ 
tiplicity of contacts, compactness and a variation of mounting 
arrangements previously limited to small telephone-type relays. The 
contacts are adequate silver buttons on heavy flexing arms with 
surface spacing for 150 volts, as required by Underwriters’ Labora¬ 
tories, Inc. Individual adjustment assures good gap, wipe and 
pressure, as measured by industrial standards. 

These relays are generally recommended for control circuits and 
small auxiliary loads. While their contacts will handle 10 amperes 
a-c without overheating, they are nominally rated as follows to allow 
long and trouble-free life on applications requiring frequent operation 
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mikI to recognize the limitations of some plug-in and solder terminals: 


Volts 

24 

115 

A-C amps. 

10 

5 

I)-C amps. 

5 

0.25 


Coils are available for any single voltage up to 460 volts, 60 cycles 
n-e or 150 volts d-c. Power drain with standard coils is approximately 
10 volt-amperes a-c or 5-6 watts d-c. Coils requiring less power can 
also be furnished, depending on such factors as the number of con¬ 
tacts and required contact rating. A great variety of terminal and 
mounting arrangements are available, with or without sealed or 
removable covers. Some of the more popular combinations are listed. 
These relays are designed for applications requiring production 
quantities. 

Basic construction is a standard open-type unit with solder tab 
terminals. Relays can be furnished with six single-throw, or four 
double-throw contacts, or with any contact combination requiring 
12 contact springs or less. Type 218DXX has four single-throw, 
normally-open contacts. 

Plug-in relays without covers or enclosures are mounted on 
standard octal or similar plugs (up to double-pole, double-throw) for 
quick replacement. The plug-in feature is identified by adding 
feature #48 as a suffix to the standard open relay designation. For 
instance, Type 218XBX48 has double-pole, double-throw contacts 
on an octal plug. 

Plug-in removable cover relays consist of basic open-type units 
mounted and wired to standard octal or similar plugs. They are 
protected from normal damage from dust and dirt by metal covers 
that can be removed for inspection or adjustment. Protected relays 
are identified by adding feature #48 and the metal cover designation 
(M4, M5, etc.) as suffixes to the basic relay designation. Type 
218CXX48M5 has three normally-open, single-throw contacts. 

Plug-in hermetically sealed relays consist of basic units mounted 
and wired to sealable type plugs, then solder sealed in metal cans 
for complete protection from dust, dirt, harmful gases, moisture, 
rarefied atmosphere, physical damage and tampering. These relays 
are identified by adding feature #48 and the proper sealed can 
designation (S4, S5, etc.) to the basic relay type. Type 218CXX48S5 
has three normally-open, single-throw contacts. 

Solder-terminal hermetically sealed relays are basic units mounted 
on sealable headers, wired to individually insulated terminals and 
solder sealed in metal cans for full protection from dust, dirt, harmful 
gases, rarefied atmosphere at high altitudes, physical damage and 
tampering. They are identified merely by adding the sealed cover 
designation (S4, S5, etc.) to the basic relay designation. Type 
218ABXS6 has one normally-open, single-throw contact and two 
double-throw contacts. 
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Industrial Relays 

For want of a better name, numerous relays are more or less loosely 
referred to as “Industrial Types” even though many of them are 
frequently used in laboratory, military and other installations. M 

Basically, however, the term refers to those types for use under 
somewhat less severe conditions of shock, vibration and wide 
changes in ambient temperature than might be expected in aircraft, 
missile or other military service and where factors such as weight 
and size may not be so critical. Then too, tor economic reasons, 
industrial relays are designed to match the life and specific pci 
formance of the equipment on which they are used. This mji.v 
range from relatively short life on appliances to 30 or 40 years of 
more in, say, public utility service. Thus the distinction is partly it 
matter of relay economics, but even more a matter of specific design 
and construction for typical industrial or commercial applications 

It is not at all uncommon for Struthers-Dunn to receive replace¬ 
ment coil or contact orders for industrial relays produced more than 
a third of a century ago. Frequently, the users explain that the 
relays performed perfectly until a flood, fire or accident of some soi l 
put them out of commission. J 

While intensely gratifying, such reports are apt to prove somewhat 
frustrating to the development engineers charged with the responsi¬ 
bility of making such relays still better! 1 

New industrial types are constantly being developed to meet 
advancing needs. The 219 Frame is a good instance. ] 

Meanwhile, older types are subjected to continuing investigation 
along such lines as the possible use of new bearing materials, magnetic 
irons, contacts, wire, insulation, impregnation and also in improved 
methods of fabrication, assembly, cleaning, fastening and electro¬ 
plating. Any contemplated change, however minor in nature, in 
carefully tested. Change simply for the sake of change is avoided 
and is only adopted after accelerated life tests have proved beyond 
doubt that the result will be beneficial to relay types which, as amply 
demonstrated, have rendered exceptional service over three or four 
decades. 


A New Concept in Industrial Control Relays 

An excellent illustration of recent progress in designingnew relays 
for advanced needs is to be found in the four Struthers-Dunn types 
specifically produced for machine tool and similar control panels. 

Developed over a period of years and in close cooperation with 
machine designers, these “industrial control relays” have proved a 
big aid to economizing complex control panels which, for want of 
specifically designed and modernized relays, were often “over¬ 
relayed” with larger, more costly types than actually needed. j 

The first unit in this series was the well-known 219 Frame general 
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purpose control relay. Other matching units since added to the line 
include 255 Frame mechanical latch electrical reset (‘ memory ) 
relays; 211 Frame types to provide exceptional sequence control 
versatility; and 235 Frame time delay relays which combine the 219 
I'Vame relay with a high quality solid state switching element ioi 
readily adjustable timing. Thus this series of four small, sturdy types 
provides a complete range of operations for modern industrial control 

requirements. 

burnished with clear plastic covers providing both insulation and 
mechanical protection while facilitating inspection, all four types are 
designed to minimum size and cost for maximum dependability. All 
are mounted on new style plugs for insertion into heavy-duty front- 
connected sockets. They are particularly suited for mounting in large 
hanks in complicated control circuits where reliability is the first 
consideration and where weight, space and power consumption sav¬ 
ings are likewise desirable. The plug-in mounting permits any relay 
lo be removed instantly for inspection or replacement. A friction 
spring on the plug engages a well in the socket, polarizes the terminals 
and prevents normal vibration and shock from jarring the relay loose 

from its socket. 

More complete descriptions of each type follow. 


219 Frame General Purpose Control Relays 

Although smaller and less costly than previous “general purpose” 
industrial control relays which they replace, 219 Frame relays have 
by no means sacrificed insulation spacing, current carrying capacity 

or long life. 

Specifically designed for maximum contact reliability through mil¬ 
lions of cycles on relaying loads, these units have proved outstand¬ 
ingly successful both on laboratory-type “tail-chasing circuits as 
well as on actual machine control installations when handling lelay 
loads. Although only 2%" high exclusive of terminals they have 
10 ampere current carrying parts; 150-volt electrical spacings of 
D" over the surface and l A" through air; and withstand 1500-volt 
dielectric test. Molded contact spacers with spring-type pile-up 
clamps insure contact tightness and accurate alignment. 

The three most common contact arrangements have two double¬ 
pole, double-throw contacts. Type 219XBXP has -DT contacts 
wired to 8 of the 12 socket pins. Type 219BBX1 has D I -DT plus 
(wo normally-open contacts wired to 12 pins; and type 21,)Ah5Ar 
has DP-DT plus one normally-open and one normally-closed contact 

wired to 12 pins. 

Although special arrangements are available, this contact stand¬ 
ardization facilitates circuit standardization, simplifies replacements 
and makes for maximum economy. When fewer contacts are needed, 
and unless reasonably large relay quantities are involved, it is gener- 
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ally more economical to specify a standard unit and use only thfl 
number of contacts required by the application. " \ 

\ arious coils are available as specified with accompanying tables. 

COIL DATA 


FRAME 219 A-C RELAYS 


Nominal 

Voltage 

Milliamperes (Approx.) 

Approx. 

60 Cycle 

1 mpedance 
(Hot) 

Approx. 

Resistance 

(Cold) 

Armature 

Open 

(Cold) 

Armature 

Sealed 

(Hot) 

6 

1450 

800 

7.5 

1 .2 

12 

720 

410 

29 

4.8 

24 

350 

200 

120 

19 

11 5 

80 

45 

2600 

430 


FRAME 219 D-C RELAYS 


Nominal 

Voltage 

Milliamperes (Approx.) 

Approx. 

Resistance 

(Cold) 

Cold 

Hot 

6 

270 

250 

22 

12 

130 

120 

92 

24 

67 

60 

360 

32 

46 

41 

695 

11 5 

14 

13 

8200 
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SPECIFICATIONS 

Enclosure .Clear Thermo-Plastic. 

Mounting .Plug-in on Dunco #27390 socket, suitable for table or 

wall mounting. 

Contacts .10 ampere current carrying capacity. 

Insulation . M" over the surface, Y%" through air, 1500 volt dielectric 

test. 

Coils.A-C to 120 volts. Approximately 5.0 VA. 

D-C to 125 volts. Approximately 1.6 watts. 

Maximum Ambient. . .40° C. 

Operate Time .15 MS. 

Release Time .15 MS. 

Life.20,000,000 No Load. 

Operation .A-C relays operate at 85% nominal voltage. 

D-C relays operate at 80% nominal voltage. 

Over Voltage .A-C and D-C relays withstand 110% nominal voltage 

without damage. 


255 Frame “Memory” Control Relays 

Matching 219 Frame relays in appearance, mounting, insulation, 
dielectric test, 10-ampere rating and only 354" high exclusive of pins, 
Frame 255 mechanical latch electrical reset relays provide reliable 
2-coil “memory” operation for industrial control. It consists of the 
popular 219 Frame relay unit plus a unique latching frame. 

A rigid metal structure provides exact positioning of the two 
interfering armatures. This assures high contact reliability through¬ 
out a minimum life of 10 million operations. All contacts are operated 
by the same armature thus eliminating “overlapping” closures. 
Coils are rated for continuous duty. All specifications for the Frame 
219 relay also apply to the 255 Frame. 


255 FRAME COIL DATA 


LATCH COIL (Upper) 

Nominal 

Voltage 

RELEASE COIL (Lower) 

D.C. Ohms 

Milliamperes 

Sealed 

Milliamperes 

Sealed 

D.C. Ohms 

5 

330 

6/60 

800 

1.2 

20 

165 

12/60 

410 

4.8 

80 

82 

24/60 

200 

19 

2300 

14 

115/60 

45 

430 

30 

200 

6 DC 

270 

22 

120 

100 

12 DC 

130 

92 

480 

50 

24 DC 

67 

360 

10000 

11.5 

115 DC 

14 

8200 


Current inrush values on A.C. coils are less than twice the sealed current value. 
All coils are designed for continuous operation. 
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Fig. 204. 

219 Frame 
general purpose 
plug-in type 
industrial control 
relay. 


Fig. 205. 

255 Frame 
mechanical-latch 
electrical-reset 
industrial control 
relay. 


Fig. 206. #27390 
heavy-duty 
front-con nected 
socket for mounting 
211, 219, 235, and 
255 Frame 
industrial control 


V 


V 

TYPICAL RELAYS 


#'11 Frame Sequence Control Relay 

I )<‘signed to provide exceptional sequence versatility, the Dunco 
’.'I I Frame relay has been re-designed as a companion unit to the 
'III Frame general purpose and the 255 Frame “memory” plug-in 
Industrial control relays. 

Frame 211 relays feature a double cam movement on each step. 
The cam rotates half a step when the coil is energized and completes 
I lie step when de-energized. Contacts are DP, single or double throw. 
K tooth ratchets are standard. 6-tooth ratchets are available on 
upeeial order. 

Standard contacts operate on the energizing impulse, but can be 
ndjusted to operate when de-energized if specified. Make before 
break between two ST contacts results when one is adjusted to 
"break” when the coil is de-energized. 

This optional feature whereby contacts can be made to operate 
mi the de-energizing stroke has provided simplified, low cost schemes 
for alternating operations such as between two pumps or two com¬ 
pressors. Frame 211 relays are also widely used in automatic process 
mid machine tool control, traffic control, door and window openers 
mid similar applications. 

Frame 211 relays are also available in open types and in her¬ 
metically-sealed cans as shown on page 355. 


SPECIFICATIONS 

Mounting: Plug-in on Dunco #27390 socket. Suitable for table or 
wall mounting. 

Contacts: Fine silver buttons Me" diameter, on phosphor bronze 
Hexing arms. 5 amp. current carrying capacity. 

Insulation: Y" over surface, Ys' through air, 1500-volt dielectric 
lest. 

Coils: Enamelled copper wire on acetate lined bobbins. 

Maximum Ambient: 40° C. 

Life: 10,000,000 operations. No load. 

Operation: Operate 15% below rated AC voltage, or 20% on DC. 
Withstand 110% nominal voltage without damage. 


Frame 211 Relay Contact and Sequence Arrangements 

Standard S-D 211 relays have contacts that operate each time 
I he coil is energized in a fixed progression as shown in this table. 
Special contacting sequences can be finished when the number of 
steps in a complete cycle is divisible into 6 or 8 (the number of 
teeth on available ratchets). 
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Relay 

Type 




211 AXAP 


Repeal 


211BXXP 


Repeat 


Fig. 207. 211 Frame 
sequence relay in plug 
in type for industrial 
control use. 


211 XBXP 


Repeat 


O” —CONTACT OPEN 


X”—CONTACT CLOSED 


Frame 211 Continuous Duty Coils 

Many other coils can be supplied to meet the needs of specifu 
applications. \ 


COIL DATA 


FRAME 211 60 CYCLE AC RELAYS 




Power Requirement—10 to 12 volt-amperes 


235 Frame 


Fig. 208 
industrial control time 
delay relay with solid 
state switching element 
for readily adjustable 
timing. 


FRAME 211 DC RELAYS 


Power Requirement—5 to 6 Watts 


Arrangement 

Contact 

Step ! 

1 

2 

3 

4 


#1 

0 

X 

O 

hr f 

DP-ST 

n 

X 

O 

X 

0 


#i 

0 

' 

X 

0 

X 

DP-ST 

#2 

0 

X 

0 

X 

DP-DT 

#1 & #2 

Transfer on each impulse 


Voltage 

Current in Amps. 

Coil Gauge 

6 

.950 

27 

12 

.470 

30 

24 

.180 

34 

32 

.150 

35 

115 

.040 

40 

-■ _ 



Current in Amperes 





Coil 

Voltage 

Inrush 

Conti nuous 

Gauge 





12 

1.400 

.800 

26 

24 

.800 

.455 

29 

115 

.150 

.085 

36 

230 

.080 

.040 

39 



























REL AY ENGINEERING — STRUTHERS-DUNN, INC, 


235 Frame Time Delay Control Relay 

This companion to the three preceding industrial control relay* 
provides time delay in either of two standard ranges: 0.2 to 1M 
seconds or 2 to 180 seconds. It consists of the reliable Frame 2 Ml 
general purpose control relay combined with a high quality stain 
switching element. The epoxy-encapsulated solid state network 
triggers the relay at the expiration of the pre-set time and is screw 
driver adjustable over a 90:1 range. Similar in size, plug-in mounting 
and appearance to the other three control relays of this series, tho 
Frame 235 offers relay characteristics similar to those listed for tho 
Frame 219 units. j 

Operating directly from 115 volts, 60 cy., it eliminates any 
necessity for supplying other than standard control voltage. I In 
timing varies inversely as the voltage, but repeat accuracy of ± 1 % 
is obtained at constant voltages. A similar unit can be supplied with 
a voltage regulated supply. This makes timing independent of voltaic 
fluctuations between 95 and 125 volts 60 cy. 

The timing unit consists of an RC network triggering a four level 
transistor. This makes it possible to place external resistances in 
series with the unit for either remote adjustment of the timing cycle 
or to obtain two or more pre-set time delays from one unit. Lead* 
are wired to pins on the plug for this feature and may be jumpered 
externally when not required. | 

SP-DT plus one normally open contact, rated 10 amperes, are 
supplied on both timing ranges. Both timing ranges are available 
with the voltage regulation feature. J 

ADDITIONAL SPECIFICATIONS 

Reset: Relay drops out in 45 milliseconds—ready for immediate 
timing function. 

Life: 20,000,000 no load. 

Operation: Operate at 85% of nominal voltage and will withstand 
10% over voltage. 

Ambient: 55° C. maximum. 

Coil: 115/60 standard—5.0 MA during timing cycle; 50.0 MA 
hold-in current often timing. 
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TYPICAL RELAYS 



H and 84 Frame Relays 

Frames 8 and 84 are single-coil industrial relays with heavy 
duly contacts which operate when the coil is energized and return 
when deenergized. They are recommended for applications ranging 
I mm supervisory and interlocking functions to the control of small 
motors, heaters, solenoids, audible and visual signals, or for trans¬ 
ferring power from a main to auxiliary supply or load. 

Only the more popular contact combinations are listed. Other 
arrangements up to five poles, double-throw are also available. 


Fig. 209. Type 8BXX 


Fig. 210. Type 8DXX 


Contact Rating: 


DOUBLE-BREAK CONTACTS 


Volts 

24 

115 

230 

A-p. ( Fk m . 

30 

30 

30 

D-r. ( Amn.O . 

30 

6 

3 






SINGLE-BREAK CONTACTS 


Volts 

24 

115 

230 

A-p. ( Amns.). 

30 

30 

30 

D-r. ( Amn.O . 

30 

3 

X 






Ratings apply to open-mounted relays only and are based on 
continuous, non-inductive resistance loads. Maximum ratings are 
reduced to 20 amperes when the relays are enclosed. Inrush currents 
should not exceed 70 amperes. 
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Contacts are spaced and relays insulated in accordance with 
l underwriters Laboratories requirements for 600 volts, except fm 
relay types 8DXX and 8EXX which have 300 volt spacing. Largei 
relays with 600 volt spacing, known as types 84DXX and 84EX.N, 
respectively, are available. ] 

Shunt coils can be furnished for any single voltage to 550 volts a-c 
or 230 volts d-c, and series coils up to 30 amperes. Power consump¬ 
tion is approximately 15 VA a-c or 7 watts d-c. 1 



Fig. 211. Type 84BXB Relay 


Relay 


A8HXX 

8XAX 

8XXA 

8BXX 

8AXA 

A8CXX 

8DXX 

8EXX 

84XXH 

84XXB 

84HXH 

84XBX 

84BXB 



Contacts 


1 pole double-break, normally open 

1 pole single-break, double-throw 

1 pole single-break, normally closed 

2 pole single-break, normally open 

2 pole single-break, one normally open 

one normally closed 

3 pole single-break, normally open 

4 pole single-break, normally open 

5 pole single-break, normally open 

1 pole double-break, normally closed 

2 pole single-break, normally closed 

2 pole double-break, one normally open 

one normally closed 

2 pole single-break, double-throw 

4 pole single-break, two normally open 

two normally closed 


TYPICAL RELAYS 


8 AND 84 FRAME COIL DATA 


Coil 

Gauge 


Turns 

(Approx.) 


Resistance 
D-C—ohms 


16 - 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 


145 

340 

450 

575 

725 

1,000 

1,175 

1,400 

1.900 
2,300 

2.900 
3,500 
4,250 
6,000 
6,700 

8,800 

10.900 

13.500 

16.900 

22.500 

28,600 

34,000 

45,000 

55,000 


0.2 
1 .0 
1.8 
2.8 
3.7 

6.2 

10.2 

15.0 

26 

40 

60 

95 

135 

260 

365 

675 

940 

1,475 

2,300 

3,600 

6,000 

10,000 

16.000 

23,400 


Impedance 
60 Cy.—ohms 


2 

9 

15 

27 

38 

79 

102 

147 

260 

400 

700 

900 

1300 

2700 

3300 

6600 

8800 

14700 

22000 


COMMON 60 CYCLE A-C RATINGS 


Voltage 

Current in Amperes 

Coil 

Gauge 

Inrush 

Steady 

6 

6.0 

3.3 

16 

12 

2.3 

1.3 

20 

24 

1.0 

l .625 

23 

115 

.210 

.125 

30 

208 

.130 

.076 

32 

230 

.120 

.070 

33 

440 

.055 

.030 

36 

• 550 

.042 

.025 

37 


Inrush values are with armature open and coil cold; steady current with armature 
closed and coil hot. 
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TYPICAL RELAYS 


COMMON D-C RATINGS 


Voltage 


6 

12 

24 

32 

48 

115 

230 


Current in Amps. 


1.10 

.60 

.30 

.20 

.14 

.06 

.03 


Coil Gauge 


23 

26 

29 

31 

32 
36 
39 


with U con n cold d impedance va,ues with coil h °t- Resistance values (coil data table) 


Mercury Relays 

Relays having mercury pool contacts are recommended for certain 
stationary applications for controlling loads having extremely large 
transient values. Contacts are inherently sealed against corrosion 
and dirt laden atmospheres. Wear and burning is minimized because 

| he mercury pool has sufficient mass to absorb the instantaneous 
neat created by inrush currents. 

Care should be used in applying mercury relays, however, since 

shock, vibration or improper handling can cause tube breakage, and 

mercury splash will result in false contact operation. All relays are 

cushioned or employ linkages designed to minimize mercury splash 
during normal operation. 

Contact ratings are given under each individual heading. Shunt 
coils can be furnished up to 550 volts, 60 cycles, a-c or 230 volts d-c 
and series coils up to 30 amperes a-c or d-c. Terminals are #10-32 
front connected studs with hardware. 

There are three distinct types of Dunco Mercury Relays. 

The 22 Frame Mercury Swing type employs a swing armature 
virtually elimina,ting noisy operation. This type is particularly desir¬ 
able in applications where noise is undesirable such as in hospitals 
and schools. 

1 he B63 hrame Mercury Plunger type has all moving parts en- 

• e m ercury tube. It is one of the most common types. 
While having the advantage of being totally enclosed against dirt or 
corrosion, it cannot be adjusted. 

The 48 Frame Mercury Tilt type is a compromise between the 
, and J563 hrames. It has swing type action on its mercury tubes 
but the magnetic structure is separate and therefore can be adjusted! 


MERCURY SWING CONTACTS 


Item 

Type 

CONTACT 

ARRANGEMENT 

CONTACT RATING, 
AMPERES 

Normal 

Open 

Double 

Normal 

Total 

Poles 

115 Volts 

230 Volts 

Throw 

Closed 

A-C 

D-C 

A-C 

D-C 

1 

22AXX 

1 


• • 

1 

25 

20 

20 

10 

2 

22XXA 

• • 


1 

1 

25 

20 

20 

10 

3 

22AXA 

1 


1 

2 

25 

20 

20 

10 

4 

22BXX 

2 


• # 

2 

25 

20 

20 

10 

5 

22XXB 

• • 


2 

2 

25 

20 

20 

10 

6 

22AXX3 

1 


• • 

1 

45 

45 

35 

35 



Fig. 212. 22AXX Swing Type 



Fig. 213. B63AXX39 Plunger Type 


MERCURY PLUNGER CONTACTS 


Rated 

A-C 

D-C 

115 volts. 

30 amps. 

20 amps. 

5 amps. 

2 amps. 

230 volts. 



Relay 


Contacts 


B63AXX391 A-c 
B63AXX392 D-c 
B63XXA394 A-c 
B63XXA395 D-c 


1 normally open 
1 normally open 
1 normally closed 
1 normally closed 
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Fig. 214. 48AXX3 Tilt 


Fig. 215. 48BXX39 


ERCURY TILT CONTACTS 


Rated 


A-c non-inductive.. 
D-c non-inductive.. 
A-c repulsion motor 

A-c split phase. 

D-c motors. 


48AXX39 

48BXX39 

48CXX39 


Relay 



25 amps. 
20 amps. 
1 Yt H.P. 
U H.P. 
M H.P. 


230 Volts 


20 amps. 
10 amps. 
3 H.P. 

M H.P. 
K H.P. 



Contacts 


1 single-break, normally open 

2 single-break, normally open 

3 single-break, normally open 


HIGH-CURRENT MERCURY TILT CONTACTS 


Rated 


A-c non-inductive.. 
D-c non-inductive.. 
A-c repulsion motor 

A-c split-phase. 

D-c motor. 


115 Volts 


45 amps. 
45 amps. 

2.5 H.P. 

1.5 H.P. 
1.5 H.P. 


230 Volts 


35 amps. 
35 amps. 
4 H.P. 

2 H.P. 

2 H.P. 



48AXX3 

48BXX3 


Relay 


Contacts 


1 single-break, normally open 

2 single-break, normally open 



Frames 101, 102 and 103 Solenoid Type Contactors 

Frames 101, 102 and 103 Solenoid Type Contactors for d-c 
operation with single-pole, double-make, normally-open, heavy-duty 
contacts of special silver cadmium oxide alloy have been developed 
lor handling extremely high currents at low voltage. Contact ratings 
listed are for non-inductive loads at 28 volts d-c. Standard coils 
lire for operation at 28 volts d-c. 



Fig. 216. 101 HXX Solenoid Contactor 


Relay 


101 H XX 
102HXX 
103HXX 


Rating 


50 amps. 
100 amps. 
200 amps. 


Type 48KXX (3-pole) and Type 48LXX (4-pole) Contactors 

Struthers-Dunn Types 48KXX and 48LXX Contactors are single¬ 
unit versions of the popular Type 175KXX mechanically-interlocked 
reversing contactor, long proven reliable over millions of operations 
in severe motor reversing applications, such as hoists, motorized 
valves, window and door openers and many others. 

r Small, yet ruggedly built for long, trouble-free operation, the new 
Types 48KXX and 48LXX are exceptionally well suited to built-in 
motor control applications. Fine silver, double-break contacts in 
melamine arc chutes afford a generous safety factor under high 
overload conditions. All coil and contact terminals are readily 
accessible from the front for easy installation even with heavy-gauge 
wire. Heavy mounting plates offer rigid support and resist twisting 
or torsional strain which might cause misalignment. 
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Fig. 217A. 48KXX 
3-pole Contactor 


Fig. 217B. 48LXX 
4-pole Contactor 


Contacts 


SPECIFICATIONS 

Single-throw, normally-open, double-break. Each contact pair il 
individually sprung to maintain contact alignment. 1 

Contact Ratings 


Voltage 

440/550 

110/220 

230 

115 

230 

115 


A-C Phase or D-C 

2 & 3 
2 & 3 

1 

1 

D-c 

D-c 


H.P 

3 

2 

1 


mperes 

15 

15 

15 

15 

2 

15 


Coils .Standard a-c voltages to 600 volts. 

Standard d-c voltages to 250 volts. 

Insulation -Molded melamine with 600 volt spacings. 
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High-current, Low-voltage Relays—161, 162 Frames 

Frame 161 relays operate on direct current only and are furnished 
with heavy diameter single-pole, double-make contacts capable 
ill carrying high current at low voltage. Silver contacts are standard. 
Sintered contacts are available for high-inrush loads. Contact 
rulings arc at 28 volts d-c. 


Relay 

Contacts 

Rating 

161 HXX 

Normally open 

40 amps. 

161 XXH 

Normally closed 

25 amps. 



Fig. 218. 161 HXX 



Fig. 219. 162BXX 


Frame 162 relays are essentially larger and more powerful ver¬ 
sions of the 161 frames listed. All single- and double-pole arrange¬ 
ments are available, but only double-pole units are listed (single-pole 
units being omitted in favor of the smaller 161 frame). Special 
high-inrush contacts can be furnished at a slight increase in price 
by specifying feature #29 as a suffix to the type. 


Relay 


162BXX 

162XXB 

162XBX 


Contacts 


Rating 


40 amps. 
40 amps. 
40 amps. 


2 Normally open 
2 Normally closed 
2 Double-throw 






















































Small Relays 

Midget Relays—Frame B1 and B53 

t ^ rS '? U ? n M ,'- dget Relays are recognized throughout induslrv 

heaters, lights, etc., within their contact rating as motor*, 

Contact arrangements can be furnished as required Onlv th„ 
more popular combinations are listed. A single magnet frame 4 

St oTtwo IZtTf F ° m -’ five - and --P^eomEiS 
piopuly selected coils in series, so as to function as a single relay. 

L he contact ratings shown below apply to open-mounted relavn 
a id are based on continuous non-inductive resistance typo loads 
irush on motor or lamp loads should not exceed 20 amperes ' 




Fig. 220. B1XBX 


Fig. 221. A1XCX 


CONTACT RATINGS 


Volts 

24 

115 

230 

A-c amps. 

D-c amps. 

6 

6 

6 

0.5 

3 



qiramente "for 300 ^ Laboratories re- 

eydes^ or b 125 U voltsH d r” y TJ 5 ’ 0 V -?^ age up to 230 volts > 60 
sted. Series coils are available for currents up to 30 amperes. 

hardwire a S ^ #6 ~ 32 fr0nt connected studs complete with wiring 
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TYPICAL RELAYS 


Relay 

Contacts 

B1HXX 

1 double-make, normally open 

B1XHX 

1 double-break, double-throw 

B1XAX 

1 single-break, double-throw 

B1 XXH 

1 double-break, normally closed 

B1BXX 

2 single-make, normally open 

B1AXA 

2 single-break, 1 normally open 

1 normally closed 

B1XXB 

2 single-break, normally closed 

B1 XBX 

2 single-break, double-throw 

A1CXX 

3 single-make, normally open 

A1BAX 

3 single-break, 2 normally open 

1 double-throw 

A1ABX 

3 single-break, 1 normally open 

2 double-throw 

A1XCX 

3 single-break, double-throw 

B58DXX 

4 single-make, normally open 

B58XDX 

4 single-break, double-throw 

B58EXX 

5 single-make, normally open 

B58XEX 

5 single-break, double-throw 

B58FXX 

6 single-make, normally open 

B58XFX 

6 single-break, double-throw 



Fig. 222. Type B58XEX 5-pole, Single-Break, 

Double Throw Midget Relay 
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High-Current Midget Relays—Frame 18 

Frame 18 High-Current Midget Relays are essentially standiml 

Midgets with larger contacts and a higher current rating, for ooti 

trolling larger auxiliary loads, and match standard Midgets in minii 
and appearance. & 

Contact arrangements are available up to two-pole, double-throw 
els listed. ■ 

Other parts including base, terminals, magnetic assembly and coll 
are identical to those used on standard “Midgets.” 


Fig. 223. 



18BXX High-Current Midget Relay 


Relay 


18HXX 

18XHX 

18XXH 

18AXX 

18XAX 

18XXA 

18BXX 

18AXA 

18XXB 

18AAX 

18XAA 

18XBX 


Contacts 


1 double 
1 double 
1 double 
1 single- 
1 single- 

1 single- 

2 single- 
2 single- 


2 single- 
2 single- 

2 single- 

2 single- 


-make, normally open 
-break, double-throw 
-break, normally closed 
make, normally open 
break, double-throw 
break, normally closed 
make, normally open 
break, 1 normally open 
1 normally closed 
break, normally closed 
break, 1 normally open 
1 double-throw 
break, 1 double-throw 

1 normally closed 
break, double-throw 


CONTACT RATINGS 


Volts 


A-c amps. 
D-c amps. 



TYPICAL RELAYS 


MIDGET RELAY COIL DATA 


Coil Stock 
Number and 
Wire Gauge 

Turns 
of Wire 
(Approx.) 

Resistance 

D-C Ohms 

Impedance 

60 Cy. Ohms 
(Approx.) 

#360-24 

250 

1.2 

5 

#360-25 

350 

2.1 

10 

#360-26 

400 

3.2 

13 

#360-27 

475 

4.8 

19 

#360-28 

510 

5.6 

23 

#360-29 

645 

9.5 

37 

#360-30 

1000 

19 

81 

#360-31 

1100 

25 

98 

#360-32 

1400 

40 

162 

#360-33 

2050 

77 

319 

#360-34 

2500 

121 

500 

#360-35 

2600 

145 

542 

#360-36 

3800 

308 

1384 

#360-37 

4700 

430 

1810 

#360-38 

5400 

625 

2500 

#360-39 

7000 

1100 

4545 

#360-40 

9000 

1640 

6851 

#360-41 

10,500 

2350 

10,000 

#360-42 

13,600 

3550 

15,555 

#7556-42 

16,800 

5100 



COILS AVAILABLE 

COMMON 60 CYCLE A-C RATINGS 


Voltage 

Current in Amperes 

Coil Gauge 

Inrush 

Steady 

6 

1.7 

1.1 

#360-24 

12 

.925 

.525 

#360-28 

24 

.430 

.245 

#360-31 

115* 

.082 

.046 

#360-38 

230 

.043 

.023 

#360-41 


Inrush values are taken with armature open and coil cold. Steady current values 
are with armatures closed and coil hot. Approximate steady power consumption 
is 5 to 6 volt-amperes. 

*Power consumption is approximately 3 watts. 

COMMON D-C RATINGS 


Voltage 

Current in Amps. 

Coil (Gauge) 

6 

.495 

#360-29 

12 

.240 

#360-32 

24 

.130 

#360-35 

32 

.090 

#360-36 

48 

.058 

#360-38 

115 

.024 

#360-42 

125 

.020 

#7556-42 
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-LAY ENGIKEER UG-STRUTHERS-DUNH, INC. 
215 Frame Relays | 

linTlif f.™/ 110 2 15 relays represent a completely new Struthers-DnnJ' 

Iipsssi 

A sturdy magnetic structure of high nermeabilitv f * * if 

52s p ™ it u » » f ,h “ 

° n the ° rder ° f 10(, 

s, d 

SS5Si#f|S^s 

insulated for a minimum of 1250 volts a-c breakdown 71 " 8 Part ' S ar " 

current “fg % 

Special?;ier ,n Lug’t S vn e r admi r °\ de -ntlct^re lUabJ 

Standard types and contact arrangements are as follows? 

Tvne qIwIy single-pole, single-throw, normally-open contact 
Tv x" flfxvA Smg e - po e ’ double-throw, transfer contact 

Type 215AXA double-pole, single-throw, 1 contact normally"S 
Type 215BXX t double-pole, single-throw, aSS&JS ] 

Type 215XXB K} e ' P °J e ’ double-throw, 2 transfer contacts 
yPC contacts 6 ’ Slngle ‘ throw > 2 normally-closed 
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TYPICAL RELAYS 





Fig. 224. 
Type 215XAX 




Frame 215 relays are compact, dependable, high-current units 
ili‘signed for high production and low cost by eliminating unessentials. 


CONTACT RATINGS: 


Volts 

24 

115 

A-c amps. 

15 

13 

l)-c amps. 

15 

H 




Insulation spacing is for 150 volts in accordance with Underwriters * 

Laboratories requirements. Coils are available for voltages up to j 

230 volts, 60 cycles a-c, or 125 volts d-c. Terminals are of the solder 
lab type with % 2 " diameter holes for #14 AWG wire or smaller. 

General Purpose Relays—Frame 214 I 

These compact 214 Frame relays handle any general purpose I 

application within their range—and do it at materially lower cost, in j 

loss space, and with less weight. Outstanding contact reliability is j 

a major feature of their design. The use of Melamine bonded fibre j 

glass insulation (Grade G5) for all contact supports assures firmly 
lield contacts that will not loosen with temperature and humidity 
changes. Precise contact alignment is maintained and operating life 
improved by use of a wide hinge. 

Each relay is individually adjusted and tested to meet adequate 
minimum standards of contact pressures, contact gaps and oper¬ 
ating performance. The a-c relays will operate over a range of 85% 
to 110% of nominal voltages and the d-c relays will operate over a 
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range of 80% to 110% of nominal voltages. All these relays aril 
given a breakdown test of 1000 volts a-c between all component < 

Standard contact arrangements are single-pole, double-throw 
double-pole, double-throw and 3 pole, double-throw. The standnul 
contacts are fine silver rated 5 amps, at 115 volts a-c. f 



Fig. 225. 

214 Frame 
General Purpose 
Relays. 214XBX 
Open type (left); 
and 214XBX48P 
Enclosed type(right). 


119 Frame Relays 

Type 119XBX Relays are inexpensive double-pole, double-throw 
units listed with Underwriters Laboratories, Inc., as having rating 
of 5 amperes non-inductive, or }/% H.P. motor load, at 115 volts a-c 
119XBX is the standard form. 119XBX48 is equipped with octnl 
plug mounting. 119XXX has a magnet assembly for mechanical 
actuation and 119XBX88 is an anti-jackpot type for vendinn 
machines. ■ 




Fig. 226A. 
119XBX 


Fig. 226B. Fig. 226C. 

119XBX48 119XXX 
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Fig. 227. 
Type 10XBX 


10 Frame Relays 

Tvne 10XBX is a high quality relay with double-pole, double 
11, l0 w contacts of fine silver with the following current ratings: 


Volts 


A-c amps 
l)-c amps 


Fig. 228. 
Type 17AXX 


Low-Voltage, High Current Relays-Frame 17 

17 Frame relays for a-c or d-c operation, with single-pole, single- 
break] heavy duty 3 /g" diameter siiver contact are d^gned tor 

considerable te, - 

for non-inductive loads at 28 volts d-c. 


24 

115 

10 

10 

10 
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Relay 

Contacts 

Rating 

17AXX 

17XAX 

17XXA 

Normally open 
Double-throw 

Normally closed 

40 amps. 1 

25 amps. ■ 

25 amps. 1 


Interlocked Relays—Frames 31 and 38 

Interlocked Relays are recommended for certain special appli 
at ions where one circuit or group of circuits must be held open >u» 

an ° he V S e " erg,zed - reIa 3 rs are mounted on a common 
nsulatmg panel with an interlock engaging the armatures to prevent 
one iiom closing li the other is already energized. i 

rJ!“l ard par ! els i ha Y e 4 ’. 6 or 8 single-throw, single-break, nor- 
mally-open contacts, that is 2, 3 or 4 contacts on each side of I lie 

m° Ck i,'-, A u lpere ratm esare based on non-inductive resistance t vM 
loads, wfole horsepower (H.P.) ratings an- based on normally indue 
live motor loads. Dynamic breaking or electrical interlock usual I \ 
require normally-closed contacts. One such contact can be sub¬ 
stituted lor a normally-open contact on each side. 



Fig. 229. 

31BXX Interlocked 
Relay 



Fig. 230. 38BXX 


as^oflows^ 1 mterlocked Midget relays with silver contacts are rated 


Volts 

A-c amps. 

D-c amps. 

A-c H.P. 



115 

230 

6 

3 

A. 


A 

A 
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TYPICAL RELAYS 


(’oils are available for any single voltage up to 230 volts, 60 cycles 
*i c or 115 volts d-c. Terminals listed in the following table are 
#11-32 front connected studs with all wiring hardware: 


Relay 

Poles 
Each Side 

Recomr 

Housing 

nended 

Cover 

IIHXX.1 

2 

H3 

G6 

llCXX. 

3 

H3 

G 7 

IIDXX. 

4 

H2 

G7 


Frame 38 interlocked power relays with silver contacts are rated 
mm follows: 


Volts 

24 

115 

230 

A-c amps. 

30 

30 

25 

l)-c amps. 

30 

3 

0.5 

A-c H.P. 

H 

1 

1 


Coils are available for operation on any single voltage up to 550 
volts 60 cycles a-c or 230 volts d-c. Terminals are jj 10-32 front 
connected studs with wiring hardware: 


Relay 

Poles 
Each Side 

Recommended 

Housing 

Cover 

18BXX. 

2 

H2 

G7 

A38CXX. 

3 

HI 3 

G8 

A38DXX. 

4 

HI 3 

G8 


Reversing Contactors—A175 Frame 

Type A175KXX Reversing Contactors are ruggedly designed 
to withstand continuous use and frequent jogging service. They are 
particularly suitable for installation on small hoists, door and window 
operators, machine tool auxiliaries and similar applications requiring 
reversing service. 

The basic unit is known as the type A175KXX. It consists of 
two solenoids on a heavy gauge metal frame, each operating three 
double-make, normally-open contacts. Overload protection and 
other auxiliaries have been eliminated to achieve the utmost sim¬ 
plicity and ruggedness. 
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The sole auxiliary device is a mechanical interlock between tho 
two solenoids to prevent one from closing when the other is already 
energized. Large % 2 " diameter fine silver contacts prevent weldiii# 
on inrush currents and the substantial double-breaking action 
assures long life in spite of highly inductive loads. ® 



Fig. 231. A175KXX78 



w 




Fig. 232. A175KXX 


Relay type A175KXX is listed with Underwriters’ LaboratorieH, 
Inc. as having the following ratings: 


Voltage 

Phase 

H.P. I 

110/220 

2-3 

2 

440/550 

2-3 

3 

230 

1 

1^ 1 

115 

1 

1 


Standard coils are for operation on 24, 115 and 230 volts, 60 cycles 
a-c. However, special coils can be wound for any voltage up to 550 
volts, 60 or 25 cycles a-c or 230 volts d-c. The terminals are #8-32 
binding head screws and the weight is 2% pounds. Normally-open 
auxiliary contacts can be added to provide electric lock-up after one 
side is energized by a momentary impulse and until the circuit is 
broken by a limit switch. 

Normally-closed auxiliary contacts can be added to provide elec¬ 
trical interlock by breaking the coil circuit of one solenoid as long 
as the other is energized. 



Motor Starting Relays—126XXA Frame 

Type 126XXA Motor Starting Relays are used with capacitor- 
start, induction-run, single-phase a-c motors. The relay coil is 
connected across the motor running winding and its contact opens 
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TYPICAL RELAYS 



I lie starting winding when the motor approaches full speed. Per¬ 
manent magnet detents (rather than return springs) provide the 
proper characteristics for positive and dependable operation. These 
relays are often used to replace “built-in” centrifugal switches on 
many motors. Relays can, by their nature be more ruggedly designed 
lor greater dependability and longer life, and external mounting 
allows easier inspection, adjustment or replacement. 



Fig. 233. 
126XXA 
Motor Starting 
Relay 


Type 130BXX100 Single-phase Motor Reversing Relays are 
recommended as built-in components of “package” control units for 
operating overhead doors or windows, dumb-waiters and similar 
equipment, requiring reversing 3-wire, single-phase a-c motors up to 
14 H.P. These relays consist of two magnet assemblies, each oper¬ 
ating two contacts, one for electric lock-up and the other for con¬ 
trolling the load. Operating parts are protected from dust, dirt, 
moisture and tampering by a heavy metal frame and cover. Solder¬ 
less connectors allow quick and easy installation. 

Adjustable Overload Relays—A55 and A56 Frames 

Adjustable Overload Relays, frame A55 with momentary delay 
to allow passage of brief transient currents and frame A56 with 
instantaneous trip, provide overcurrent or overvoltage protection for 
many common types of circuits having little or no inrush. They are 
not recommended for motors and similar loads requiring inverse 
lime protection. The upper coil on the relay is generally a low 
resistance coil providing overcurrent protection to a load in series. 
However, it may also be a shunt coil for connecting across the load 
lor overvoltage protection. A knurled nut at the top allows adjust¬ 
ment of the tripping value over a 3:1 range. When the pre-set 
current value passes through the upper coil it lifts a mechanical 
latch, allowing the lower armature and contacts to drop open, thus 
disconnecting the load. The contacts remain open until the relay 
is reset by an impulse to the lower coil. The relay can also be pro¬ 
vided with an insulated button on the lower armature for manual 
closure. 
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Fig. 234. 

Type A55HXX 
Adjustable Overload 
Relay 


High Voltage Relays—90 Frame 

High Voltage Relays find their major application in low current 
or electronic circuits, or in transferring circuits without having to 
“make” or “break” the load. Struthers-Dunn has furnished high 
voltage types with spacing and insulation for use up to 45KV. Such 
relays are obviously not designed to replace circuit breakers, but 
they can be used in certain applications to effect considerable savingM, 

All high voltage relays (over 600 volts) are custom-built for each 
application and complete information should be forwarded for recoin 
mendation. Spacing is dependent on so many variables that no “rule 
of thumb” applies and the relay is designed to maintain the spacing 
used throughout the rest of the circuit. 1 



Fig. 235. 
Type 90XBX 
High Voltage 
Relay 
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TYPICAL RELAYS 



Fig. 236. 
78CCA101 
Vacuum Switch 
Relay 


Vacuum Switch Relays—78 Frame 

Vacuum Switch Relays are also used in high voltage circuits 
mid are often applied in electronic “keying” operations. The contact 
arrangement in the high voltage circuit is a single-pole, double-throw 
vacuum switch rated 9200 volts maximum peak standoff voltage. 
In addition to the high-voltage vacuum tube contact, many of these 
ilays are furnished with auxiliary contacts for operation on normal 
115 or 230 volt circuits with ratings of 5 amperes or less. A common 
lype of construction has a vacuum switch contact and numerous 
auxiliaries in a metal enclosure. Another type mounts on an insu¬ 
lated base. 



Relay 
Fig. 237. 

91XBX100 
Voice Circuit 
Relay 




Voice Circuit Relays-91 Frame 

Voice Circuit Relays with double-pole, double-throw, multi- 
lingered, sliding contacts are designed for transferring voice circuits 
without the usual “click” encountered when ordinary contacts open 
and close. Six flexing fingers make up each movable contact and 
slide from one solid silver stationary contact to the other in a make- 
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before-break manner. The multiplicity of contact, making member* 
assures continuity at all times. The contacts should not be subjected 
to heavy currents. Coils can be furnished for 115 and 230 volts a-c. 
Electrostatic and electromagnetic shielding is provided between coil 
and contacts. This relay is extremely shock and vibration resistant, 



Fig. 238. 
201 XBX100 


A-C Inductor Relays—201 Frame 

A-c Inductor Relays, such as Type 201XBX100, operate on n 
somewhat different principle than ordinary magnetic relays. A 
radically different force-travel characteristic makes them particularly 
suited for certain close-differential applications. Part of the a-c 
magnetic flux passes axially through a non-magnetic ring, inducing 
a current in it. Other flux passes radially through the ring and an 
interaction between these causes a thrust which drives the ring away 
from the coil. A magnetic relay starts with alow force which increase! 
rapidly as the armature approaches the pole face, while the in¬ 
ductor starts with a lower peak force, which decreases gradually 
throughout its somewhat longer stroke. 


Fig. 239. 
290XGX100 



Multipole Industrial Relays—290 Frame 

Multipole Industrial Relays, frame 290, have as many as twelve 
double-throw contacts operated by a single powerful magnet assem¬ 
bly. Contacts are nominally rated up to 10 amperes at 250 volts a-c. 
Standard arrangements include 8 and 12 poles with coils for 115 or 
230 volts, 60 cycles a-c. Open relays can be furnished on insulating 
bases or the entire units can be mounted in special sheet metjil 
housings. 
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Latch Relays—A5, 51, A54 Frames 

Two coil latch relays operate electrically, latch mechanically and 
release or reset electrically by lifting the latch by means of the 
wcond coil. These relays are widely used in tripping, lock-up or 
lock-out circuits and are ideally suited for controlling small motors, 
heaters and other auxiliary loads from two-circuit or three-wire 
instrument control systems. 


Fig. 243. A5BXB46 


Fig. 242. A54CXC 


Continuous duty coils are furnished when practical on relays with 
simple contact arrangements. Such relays are listed with a feature 
//46 as a suffix to the relay type. Auxiliary contacts can be installed 


Fig. 240. A5HXX46 


Fig. 241. A5DXX 
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at the factory to break either or both coil circuits after the relay 
operates. they are particularly recommended to protect delimit 
instrument contacts or momentary duty coils on relays which caniiul 
be furnished with continuous duty coils. They should be special 
by adding the following feature designations to the relay type: a 


Coil Circuits 

Feature 

Both. 

75 | 

76 

77 


Pull-in. 



Relay 


A5HXX46 

A5BXX46 

A5AXA46 

A5HXH46 

A5XBX46 

A5BXB46 

A5CXX 

A5DXX 


Contacts 


1 double-make, normally open 

2 single-make, normally open 

2 single-break, 1 normally open 

1 normally closed 
2 double-break, 1 normally open 

1 normally closed 
2 single-break, double-throw 
4 single-break, 2 normally open 

2 normally closed 

3- pole, single-make, single-throw, normally open 

4- pole, single-make, normally open 


Frames A5 and A54 power latch relays are as follows 

DOUBLE-BREAK CONTACT RATINGS 


Voltage 


A-c amps. 
D-c amps. 


24 


30 

30 


115 


230 


30 

6 


30 

3 


SINGLE-BREAK CONTACT RATINGS 


A-c amps. 

on 

on 

30 

H 

D-c amps. 

ou 

on 

oU 

o 


ou 

o 


Contacts are conservatively rated, as shown in the foregoing table 
based on handling non-inductive resistance type loads with the relay 
mounted in the open. All 30 ampere ratings should be reduced to 
20 amperes when the relay is enclosed in a housing. Coils are avail- 

nn t. 9 Qn S0 °n s l ngl . e U P *o 550 volts, 60 cycles a-c, o. 

up to 230 volts d-c. Series coils can be furnished up to 30 ampere* 
&-c or q-c. 

Terminals are #10-32 studs with wiring hardware for front 
connection. 
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Relay 


Contacts 


A54XCX 

A54CXC 

A54XDX 

A54DXD 


3 single-break, double-throw 

6 single-break, 3 normally open 

3 normally closed 

4 single-break, double-throw 

8 single-break, 4 normally open 

4 normally closed 



Fig. 244 (left). 

51BXX46 
Midget Latch 
Relay 


Fig. 245 (right). 
51XBX 



Frame 51 midget latch relays are as follows: 


CONTACT RATINGS 


Voltage 


24 


A-c amps. 
l)-c amps 


6 

6 



230 


Contacts are conservatively rated as shown in the table, based on 
non-inductive resistance loads. Coils are available for any single 
voltage or current values up to 230 volts or 30 amperes a-c or d-c. 
Terminals are #6-32 studs with hardware for front connection. 


Relay 

Contacts 

51HXX46 

1 double-make, normally open 

51 BX X46 

2 single-make, normally open 

51AXA46 

2 single-break, 1 normally open 

1 normally c osed 

51 XBX46 

2 single-break, double-throw 

51BXB46 

4 single-break, 2 normally open 

2 normally closed 

51 DXX 

4 single-make, normally open 
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Sensitive Relays-112 and 29 Frame I 

112 Frame Relays are highly sensitive in that they operate on 
very low current values, thereby protecting delicate instrument coil* 
tacts or imposing minimum drain on a limited power source such 
as a photo-electric cell or as encountered in electronic circuit* 
Contacts are rated as follows on non-inductive resistance type load* 
2 amperes up to 24 volts d-c or up to 120 volts a-c. 1 ampere at 240 
volts a-c. 34 ampere at 120 volts d-c. | 



Fig. 246. 112XAX Sensitive Relay 


Coils can be selected from the minimum current or voltage value* 

shown in the accompanying table. It will be noted that the single- 

pole relay is more sensitive than the double-pole unit, requiring Icnh 
power for proper operation. 


TYPICAL RELAYS 


112 FRAME COIL DATA 


112XAX Relay 

Coil Data 

112XBX Relay 

A-C ( 

60 cy.) 

D-C 



Approx. 

Approx. 

A-C (60 cy.) 

D-C 







Resist¬ 

Imped¬ 









Wire 

No. of 

ance 

ance 









Ga. 

Turns 

(D-c- 

(60 cy.- 





Volts 

M. A. 

Volts 

M. A. 



Ohrns) 

(Ohms) 

Volts 

M.A. 

Volts 

M.A. 

1.0 

177. 

0.08 

145. 

20 

310 

.55 

6 

2.34 

390. 

0.18 

323. 

1.4 

143. 

0.10 

117. 

21 

385 

.84 

9 

2.80 

310. 

0.22 

260. 

1.6 | 

116. 

0.12 

95. 

22 

475 

1.26 

13 

3.25 

250. 

0.27 

211. 

2.0 

91. 

0.15 

73. 

23 

605 

2.1 

22 

4.40 

200. 

0.34 

165. 

2.5 

74. 

0.19 

60. 

24 

750 

3.1 

34 

5.5 

160. 

0.41 

133. 

3.5 

52.5 

0.25 

43. 

25 

1,050 

5.8 

60 

6.9 

114. 

0.55 

95. 

4.3 

41.5 

0.30 

33. 

26 

1,325 

9.0 

100 

9.1 

91. 

0.68 

76. 

5.0 

38.0 

0.39 

31. 

27 

1,450 

12.5 

130 

10.8 

83. 

0.86 

69. 

6.0 

31.5 

0.49 

26. 

28 

1,750 

19. 

190 

13.1 

69. 

1.09 

57. 

8.5 

23. 

0.62 

18.8 

29 

2,400 

33. 

370 

20.6 

50. 

1.37 

42. 

12.0 

19. 

0.78 

15.5 

30 

2,900 

50. : 

630 

26.5 

42. 

1.72 

35. 

13.5 

15.7 

0.95 

12.8 

31 

3,500 

74. 

860 

30.0 

35. 

2.11 

29. 

16. 

11.8 

1.30 

9.7 

32 

4,650 

129. 

1,350 

35.0 

26. 

2.77 

22. 

20. 

9.65 

1.60 

7.9 

33 

5,700 

197. 

2,070 

45.5 

22. 

3.46 

18. 

23. 

7.65 

2.00 

6.3 

34 

7,200 

312. 

3,000 

49.0 

16.4 

4.33 

14. 

33. 

6.00 

2.50 

4.9 

35 

9,200 

504. 

5,500 

72. 

13.0 

5.47 

11. 

43. 

4.66 

3.20 

3.8 

36 

11,800 

840. 

9,230 

95. 

10.2 

7.11 

8.5 

55. 

3.85 

3.90 

3.15 

37 

14,300 

1,220. 

14,300 

122. 

8.5 

8.53 

7.0 

67. 

2.98 

4.80 

2.43 

38 

18,500 

1,995. 

22,500 

146. 

6.5 

10.8 

5.5 

87. 

2.25 

6.40 

1.84 

39 

24,500 

3,450. 

38,500 

190. 

4.9 

14.1 

4.0 

103. 

1.93 

8.00 

1.58 

40 

28,500 

5,050 

53,000 

230. 

4.3 

17.7 

3.5 

130. 

1.53 

9.70 

1.25 

41 

36,000 

7,700. 

85,000 

285. 

3.35 

21.3 

2.8 

146. 

1.22 

11.70 

1.00 

42 

45,000 

11,700. 

120,600 

320. 

2.68 

26.0 

2.22 

168. 

.95 

16.00 

0.84 

43 

54,000 

19,000. 

177,000 

400. 

2.23 

35.2 

1.85 

225. 

.74 

21.00 

0.61 

44 

74,000 

34,000. 

300,000 

500. 

1.63 

45.9 

1.35 


Note: Current and voltage values shown are minimum for standard relay 
adjustment. Current values are in milliamperes and a-c values are based on 
GO cycle alternating current. 


29 frame relays are also considered sensitive, although they require 
a little more power for proper operation than the Type 112XAX. 
I lowever, their increased contact rating can sometimes eliminate the 
need for an auxiliary relay by handling the load directly. Contacts 
are rated as follows (non-inductive loads). 


Volts 


A-c amps. 
D-c amps. 


24 

115 

6 

6 

6 

M 


230 


353 















—LA Y ENGINEERING — STRU THERS-DUN’N, INC. 



Fig. 247. 
Type A29XBX 
Sensitive Relay 


listed I fn°thp b Ln eIeCted f r V V th c minimum current or voltage values 

table ' The Sam ° ValuUS a PP^ t0 or 


D-c Operation 


Minimum 

Voltage 


.140 

.200 

.244 

.255 

.370 

.432 

.536 

.684 

.868 

1.080 

1.36 

1.59 

2.22 

2.72 
3.83 
4.31 
5.48 

6.72 

8.00 

10.70 

14.5 

17.5 

21.3 


Current 

(M.A.) 


147. 

111 . 

87. 

69. 

50. 

42.4 

35.7 
26.3 

21.7 
15.6 
14.30 
11.80 

7.94 

7.46 

5.68 

4.59 

3.70 

2.96 

2.22 

1.75 

1.32 

1.11 

.91 


29 FRAME COIL DATA 


Wire 
Gauge 


20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 


Shunt Coils 


No. of 
Turns 


340 

450 

575 

725 

1,000 

1,180 

1,400 

1,900 

2.300 
3,200 
3,500 
4,250 

6.300 
6,700 
8,800 

10.900 

13.500 

16.900 

22.500 
28,600 
38,000 
45,000 
55,000 


Resistance 

(ohms-cold) 


0.95 

1.80 

2.80 

3.70 

6.20 

10.2 

15. 

26. 

40. 

69. 

95. 

135. 

260. 

365. 

675. 

940. 

1,475. 

2,270. 

3,590. 

6 , 100 . 

10 , 000 . 

16,000. 

23,400. 


60 Cy. A-c Operation 


Minimum 

Voltage 


2.19 

2.76 

3.89 

4.35 

6.52 

7.14 

8.67 

11.30 

13.80 

19.80 

21.8 

24.5 

37.8 

40.5 

62.5 

66.8 

89.8 

107. 

131. 

157. 

189. 

227. 

273. 


Current 

(M.A.) 


221 . 

167. 

131. 

104. 

75. 

63.6 

53.6 

39.5 

32.6 

23.4 

21.5 

17.7 
11.9 
11.2 

8.52 

6.89 

5.55 

4.44 

3.33 

2.63 

1.98 

1.67 

1.37 
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TYPICAL RELAYS 



Sequence Relays—211, B11, and C85 Frames 

Standard Sequence Relays have double-pole, single-throw, cam- 
operated contacts which repeat a pre-determined sequence continu- 
misly. The cams are '‘stepped” from one position to the next by a 
momentary impulse to the relay coil. Each contact is then held 
“open” or "closed” as required when the coil is deenergized. Coils 
are for intermittent duty only. The energizing circuit should be 
designed to limit the operating impulse to a few seconds duration. 

The 211 Frame Relay employs a unique stepping principle that 
advances the contact operating cam shaft each time that power is 
applied to the coil and again advances the shaft each time the coil 
is deenergized. Either or both of these shaft advances may be 
employed to operate the contacts. This relay permits use of num¬ 
erous new circuit arrangements and greatly simplifies many old 
c ircuits. A description of the unit and numerous examples of its 
applications are shown in Chapter 3. 



Fig. 248. 

Frame 211 relays 
provide literally 
thousands of 
operating sequences. 

They are supplied 
in either open types 
or hermetically 
sealed in metal cans 
as shown. 

Type 211XBX48S10 
at left. 

Protective cover 
at right. 


Standard sequence relays are available in two sizes-the "Midget” 
B11 frame and the "Power” C85 frame. Proper selection will depend 
upon the space available, the required contact rating and sequence. 
Both types utilize eight tooth ratchets as standard and the totai 
cycle for each contact should be divisible into this number (8). 
However, the C85 frame relays can also be furnished with special 
cams for any sequence requiring up to 12 steps. 

B11 Frame Midget Sequence Relays with double-pole, single¬ 
throw fine silver contacts are rated as follows, based on resistance 
type loads: 
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Voltage 


A-c amps. 
D-c amps 


24 


115 


X 


230 



Fig. 249. 
B11BXX 


For standard sequence, Type B11BXX relay contacts open and 
close together while the B11AXA relay contacts open and close 
alternately. Eight tooth ratchets (only) are available for special 
sequences. Coils may be furnished for any single voltage up to 230 
volts a-c or d-c and are for intermittent duty. Six terminals are 
#6-32 studs complete with wiring hardware for front connection. 

C85 Frame Power Sequence Relays with double-pole, single¬ 
throw fine silver contacts are rated as follows, based on non-inductive 
loads: 


Voltage 


A-c amps. 
D-c amps 





Fig. 250. 
C85AXA 


For standard sequence, Type C85BXX relay contacts open and 
close together. Type C85AXA relay contacts open and close alter¬ 
nately. For special contact sequences 7, 8, 9, 10, 11 and 12 tooth 
ratchets are supplied. Coils may be furnished for any single voltage 
up to 550 volts, 60 cycles a-c or 230 volts d-c. Six terminals are 
#10-32 studs with wiring hardware for front connection. 
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Multi-pole Sequence Relays 

Multi-pole Sequence Relays can be furnished in several forms 
In serve a variety of functions. Although construction of the con- 
Inets varies with different models, they all carry the same nominal 
ratings based on non-inductive loads: 


Volts 

24 

115 

230 

A-o amns. .. 

10 

10 

5 



Cams are non-ad just able and are cut at the factory for the proper 
contact sequence. Coils are for intermittent duty and can be fur¬ 
nished for any single voltage up to 550 volts, 25 or 60 cycles, a-c. 
Similar relays using a different magnetic structure can be furnished 
for d-c operation. Terminals are studs complete with wiring hard¬ 
ware, for front connection. Frames 95 and 96 have #6-32 studs, 
while 99 Frame relay terminals are #10-32 size. 



Fig. 251. 95BXA Fig. 252. 96XDX 


95 Frame Repeating Sequence Relays continually repeat a 
predetermined contact sequence in one direction only. The contact 
cams rotate one step at a time and always in the same direction. 
These relays can be furnished with any number of single- or double¬ 
throw contacts from 1 to 12. Standard units can be furnished for 
total cycles of 12 steps or less. Gearing can be utilized to extend 
the total cycle on special units. 

96 Frame Reversing Sequence Relays contain “forward” and 
“reverse” stepping coils which rotate the cam shaft in either direc¬ 
tion. They are commonly used to add or subtract circuits, such as 
transformer taps or resistor banks and can be furnished with elec¬ 
trical or mechanical stops or interlocks. They are furnished with 
any number of single- or double-throw contacts from 1 to 12 and 
can accommodate any contact sequence requiring 8 steps or less. 
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Fig. 253. 99CXX 


99 Frame Recycling Sequence Relays step a spring loaded cam 
shaft through a pre-determined contact sequence in one direction 
only It can be returned to the normal or starting position from 

°-i a r t t le ‘, ;n< , 9 f the , 'sequence, by momentarily energizing 
same time ) 011 (pr0Vlded that the ste PP ,n g coil is not energized at the 

These relays are generally furnished with single-throw contacts 
or less nd Can accommodate an y contact sequence requiring 8 steps 


Instrument Controlled Relays 


Instrument Controlled Relay Sets are specifically designed for 
use with regulating instruments, to handle larger loads protect 
instrument contacts and thereby increase instrument life. Thermo¬ 
stats, pressurestats and liquid level instruments usually have rela- 

1 ddbi dellCate conta cts requiring low current and/or voltage. In 

which must be translated into two-wire “on” and “off” load control 
Re ay sets combine relays with other devices such as transformers' 
resistors, condensers and housings to accomplish a specific purpose’ 
A few popular combinations are described. puipose. 


Resonant-Circuit Relays nclude a capacitor and resistors in 

thermos tat s' rC Th S r thcm sui,ablc <'°r use with mercurial 

I/h Ti • J h y l imit th ? current on the instrument to 12 ma 
fs fr/h*. p t rovlde contact ratings up to 30 amperes. The 8HXX55 
is for heater control and the 84XXH55 for refrigeration control 
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Relay-Transformer Sets ARS71, RS73, BRS239 and BRS240 
l>rovide low voltage for the regulating instrument while controlling 
a standard 115 volt, 60 cycle a-c load. These sets consist of relay 
and transformer mounted in a housing, completely wired and pro¬ 
vided with handy external terminals for easy connection to the 
instrument. All sets are listed with Underwriters Laboratories, Inc. 


Fig. 255. 
Type BRS239 
Relay- 

Transformer 
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Fig. 256. B1MXX50 


(( Retay-Resistor Sets convert three-wire instrument control to 
° n j, 3 '™ ‘ ’ two-wire operation required by most loads. The 

low instrument contact operates the relay in series with the 
resistor and the “high” contact momentarily short circuits the relay 
C01 j T1 i e B1MXX50 and A8MXX50 are used when the control 
a £ d load circuits are common. The B1AAX50, B1BXX50 and 
8BXX50 are recommended when a separate control circuit is used. 

A54HXX and A54HXX502, when properly wired 
to a three-wire instrument and a more or less constant load in excesi 

ol 500 watts, can be used in universal service on 115 or 230 volts 
a-c or d-c. 



Fig. 257. 
4HXX56H3 
Telephone 
Auxiliary 
Relay 


Special Purpose Relays 


„r. T / P i 4 ^ X ^ 5 ^ H3 Te,e P hone Auxiliary Relays operate audible 
or v lsual signals from a separate local power source when energized 

by a telephone ringing current. The set consists of a relay and 
capacitor in a sheet metal housing. This combination will operate 
on 8 ma at 90 volts, 20 cycles with 9500 ohms impedance. Contacts 
are rated 10 amperes a-c or 3 amperes d-c at 115 volts. 
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Fig. 258. A5XXH501W6 


Type A5XXH501W6 Telephone Auxiliary Reset Relay, after 
m.m initial impulse from a telephone ringing circuit, operates audible 
or visual signals continuously from a separate local power source. 
11 is then reset by hand by means of a push-button in the bottom 
of the housing. It is particularly suitable for police and taxicab 
call stations. The set consists of a two-coil latch relay and capacitor 
in a W6 weatherproof housing with wiring. The latch coil operates 
on 10 ma. at 90 volts, 20 cycles with 7500 ohms impedance. Contacts 
are rated at 10 amperes a-c or 2 amperes d-c at 115 volts. 


Fig. 259. 20XXH5 


The Type 20XXH5 Emergency Lamp Relay features a series 
coil for holding the contacts open as long as the main lamp is burning, 
and a gravity operated weighted armature for closing the circuit to 
I he emergency lamp if the main lamp fails. Contacts are double¬ 
break for operating emergency lamps up to 800 watts a-c or 100 
watts d-c. 
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t t Relay ?. are marginal units sensitive to slight 

3 -P-at’ 2 30 Ub v!riM 

rekv e tvnes Ui shl,flH 11 1 n and drop-out adjustments in addition to the 
tfon ubhzes » d t WayS h^fPecified. Type 49XAX for d-c opera- 
149XAX for o P fr l UIle , and Glenoid plunger mechanism. Type 
nl-'Vu 1 J 5"° has an inductor ring actuating mechanism 

which holds to close tolerances over a wide temperature 8 range The 

principle of operation is described more fully under inductofrelavM 

*% differential = (0 P erate Voltage) - (Release Voltage) ^ ^ 

Operate Voltage 


Fig. 260. 
149XAX 


Time Delay Relays 
Inertia Time Delay Relays—Type BPW 

Type BPW I nertia Delay Relays have their armatures weighted 
arc 8 relultteg in n a dels v ™? tmeS ^ thr0Ugh a considerabto 

before 6 operating the ° A Se °° nd 

11 P° n |f cts MtoubMe, single-throw and rated 10 amperes al 
onen nr nn C ' ^ f furnished in an y combination of normally 

closing, or on energizing or deenergizing the relay. P g 

letters , in . the ^ designation indicate the arrange- 

These relays may be used in conjunction with a standard fast-acting 
relay to assure a proper sequence of operation. g 
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Fig. 261. BPWCC1 


Type 

Contact 

Arrange¬ 

ment 

Base 

Size 

Type 

Contact 

Arrange¬ 

ment 

Base 

Size 

BPWAA1 

BPWBB1 

BPWCC1 

BPWDD1 

2 of A 

2 of B 

2 of C 

2 of D 

1 of A 

1 of B 

5% x 3 
5x4 H 
5 x 4V 2 
5x4J4 

BPWAC1 

BPWAD1 

BPWBC1 

BPWBD1 

1 of A, 1 of C 

1 of A, 1 of D 

1 of B, 1 of C 

1 of B, 1 of D 

5% x 414 

6'A x 

5x5 

5^ x 4\4 

BPWAB1 

5 H X 4 

BPWCD1 

1 of C, 1 of D 

5% x 4\4 


A—Contacts close after delay when coil is energized; 

Contacts open immediately when coil is deenergized. 

B—Contacts close immediately when coil is energized; 

Contacts open after delay when coil is deenergized. 

C—Contacts open after delay when coil is energized; 

Contacts close immediately when coil is deenergized. 

D —Contacts open immediately when coil is energized; 

Contacts close after delay when coil is deenergized. 

Thermal Time Delay Relays 

Thermal Time Delay Relays are actually combinations of relays, 
thermal elements, heaters, transformers and resistors, as required, 
to delay operation, or time the running of a load. Components are 
mounted on a common insulating base and function as a complete 
unit. 

Items 1 to 8 in the following table delay the closing of a normally- 
open contact for a specified period after the relay has been energized. 

Items 9 and 10 close a load contact immediately upon receipt of 
power, then hold the load energized for a specified period. 

Some units are immediate recycling while others require a cooling- 
off period before the next operation. The approximate range of 
available time delays is given in the accompanying table. All timing 
and recycling intervals are necessarily approximate and although 
compensated, may vary somewhat with atmospheric or other 
conditions. 


363 












Fig. 262. Fig. 263. Fig. 264. 

APBAG1 PHAJ1 PTBL1 




Delay 

Approx. 

Contact Rating in Amperes 

Item 

Type 

(Seconds) 

Recy¬ 

cling 

115 V. 

230 V. 




Time 







Min. 

Max. 


A-C 

D-C 

A-C 

D-C 


Contacts Close After Specified Delay 


1 

APHAH1 

1 

3 

5 

6 

0.5 

3 


2 

PHAJ1 

1 

3 

5 

30 

4 

30 

2 

3 

APHAG2 

2 

6 

0 

6 

0.5 

3 

— 

4 

PHAGJ1 

2 

6 

0 

30 

6 

30 

3 

5 

APTAH1 

15 

45 

120 

6 

0.5 

3 

— 

6 

PTAJ2 

15 

45 

120 

30 

4 

30 

2 

7 

APBAG1 

20 

120 

0 

6 

0.5 

3 

— 

8 

PBAGJ1 

20 

120 

0 

30 

6 

30 

3 


Contacts Close Immediately and Reopen After Delay 


9 

APTBK1 

15 

60 

120 

6 

0.5 

3 

10 

PTBL1 

15 

60 

120 

30 

6 

20 


Repeating Timers 

Repeating Motor Timers continue to repeat a preset contact- 
time cycle as long as the timer motor is energized. The contacts 
will remain in their respective position if the motor is deenergized 
during the operating cycle and the cycle will continue from that 
point when energy is restored. Contacts are of the snap-action type 
and are rated as follows: 
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Type Load 


5 amps 

M H.P 


A-<; non-ind 
A-c motor. . 


Fig. 265. APSY1 


Type APSY1 Repeating Timer 

Type APSY1 with 115 volts, 60 cycle a-c, 1 RPM motor and split 

adjustable cam, operates a single-pole, douWe-throw contact with 

adjustable cam. Special times for other operating voltages and timing 
ranges can also be furnished. 


Type PSAU1 Recycling Timer 

Type PSAU1 Recycling Motor Timer consists of^a 115 volt, 
00 cycle geared synchronous motor which drives a cam shaft throug 
a separate magnetic clutch. One cam-operated contact energizes 
I he load after the preset time delay and the other then deenergizes 

t he timer motor. _ . , 

The contacts remain in the “operate” position as long as the elute 
remains energized. When the unit is deenergized, the clutch opens 
and the cam shaft is spring-returned to its normal or starting position 
and is immediately ready for the next operation. 

The load contact is single-pole, single-throw, normally open, 
closing after a specified delay, and rated 20 amperes at115 volts a-c, 
4 amperes at 230 volts a-c; or 1 ampere at 115 volts d-c. 

Available timing ranges are as follows: 2.5^50 seconds, 15-30 
seconds and 1-20 minutes. Timing adjustment is made by releasing 
a thumb screw, turning the dial until the graduated scale indica e 
the desired setting, and then tightening the thumb screw. 

Type PSCU1 recycling timer differs from the PSAU1 type m that 
the Toad contact is normally closed and opens after the specified 

delay. 
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Fig. 266. 
Type PSAU1 
Recycling 
Motor 
Timer 


Type PSAP4 Recycling Timer 

Type PSAP4 Recycling Motor Timer is a compact and inex¬ 
pensive unit for 115 volt, 60 cycle operation having an adjustable 
me delay of 5 to 45 seconds (not calibrated). A single-pole,'double- 
throw contact transfers at a preset time after the timer motor is 
energized. Utilizing the stalled-clutch-motor principle the contact 
is held in the operate position as long as the motor is energized. 
Ihe cam is spring returned to its starting position within a fraction 
oi a second after the motor is deenergized. The single-pole, double- 
throw, snap-action contact is rated as follows: 


H H.P. 

115/230v 

A-C 

10 amps. 

115/230v 

A-C 

10 amps. 

mg M 

12v 

D-C 

1.5 amps. 

24 v 

D-C 

0.2 amps. 

125v 

D-C 

U.l amps. 

250v 

D-C 



Fig. 267. 
PSAP4 
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Fig. 268. CX2486B 


Limit Switch—Type CX2486B 

Limit Switches, such as the Type CX2486B, have been designed 
by Struthers-Dunn, Inc. to meet the requirements of special appli¬ 
cations. The external actuating mechanism should provide quick 
inake-and-break to the limit switch contacts. 

The unit is built on a molded phenolic base and provided with 
I hree, double-break contacts, a stainless steel plunger and nylon 
roller. Contacts are rated 6 amperes at 115 volts a-c or 24 volts d-c 
and 3 amperes at 230 volts a-c. The unit is designed for 300 volt 
spacing throughout. Other designs can usually be made up econ¬ 
omically from the thousands of standard relay and switch parts 
available. 

Solenoids 

Although Struthers-Dunn does not specialize to any great extent 
in solenoid type devices for performing mechanical tasks, there are 
many cases where the magnet structures of the wide variety of 
Dunco relays have been used for such operations. The hinged arma¬ 
tures on many of these units permit power to be taken off near the 
hinges for large forces with small travel, or a point remote from 
(he hinges may be used to secure large travel with smaller forces, 
r or any given structure the force X travel product remains constant 
regardless of the point selected for the power take-off. The product 
may range from a few inch pounds down to a few gram centimeters 
\\ith the various structures. In general, direct current operated 
devices of this nature produce a greater force X travel product than 
similar alternating current operated devices. 
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Dry Reed Switches 

With the vastly increased use of computers has come rapid dr- 
velopment of a relatively new relay type known as the “dry reed ” 
these units are ideally suited for transistor drive applications and 
hnd wide use in data processing systems, ground control of missiles 
and satellites, m weapons and in communications systems. 

The “heart” of the reed relay is a glass enclosed switch sealed in 
an inert gas. A moving reed operates against a shorter pole piece. 
Both have contact surfaces of diffused gold, and both are usually 
made of a magnetic material. The reeds close when the coil is en¬ 
ergized, thus completing the load circuit. The sealed construction 

assures long life, completely unaffected by atmospheric contamina 
tion. 



Fig. 269. The basic glass sealed dry reed switching element 

used in reed relay assemblies. 


Chief among the advantages of this switching device is its extremely 
fast operation by comparison with conventional relays. A typical 
switch will operate in less than one millisecond and will release in nol 
over 0.3 milliseconds, thus paying the way for widespread computer 
use where solid state (transistorized) switching was formerly re¬ 
quired. In many instances, relay computer circuitry has proved 
simpler and less costly. The reed relays may be mounted in any 
position; mount easily within the computer chassis without use of 
sockets or plugs; are readily adaptable to printed boards and often 
resuJt m worthwhile space saving. Still another advantage is the fact 

that reed relays provide nearly infinite resistance in the open contact 
statG. 

Switching units are made in various sizes ranging from 3" long 
down to . Characteristics of a typical unit are as follows: 

Overall length: 3 \i" max. 

Glass length: 1%" max. 

Glass diameter: .215". 

Max. contact rating: 15 watts—1 amp.—250 volts (resistive loads) 
Contact resistance: 50 milliohms max. 

Internal atmosphere: Dry, inert gas. 

1* 20,000,000 operations at maximum rating; 
1UU,UU0,000 operations at y 2 maximum; and 200,000,000 opera- 

,? ns Dads less than 0.1 amp. and not over 12 volts. 

Minimum breakdown voltage: 500 volts A.C. 

Insulation resistance: 500,000 megohms min. 

Normal sensitivity: 80 ampere turns. 
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Dry Reed Relays 

i ] i • i • one or more dry reed switching unit* 

enclosed by a single direct current magnetizing coil to form a com 
pact, easily mounted and fully protected unit. | 

Struthers-Dunn has introduced such units in five standard type* 
1, 2, 4 12, and 20-pole. These are encapsulated in molded epoxy 
material and represent an important step in standardizing small 
convenient and economical assemblies for fast low level and liglil 
load switching in computer and data handling uses and for eitlin 
printed board or conventional mounting. | 


Contacts of any desired number of the dry reed switches in a 

multi-pole reed relay may be normally-open and the others normally 

closed. 1 hus, practically any combination of Form A (normally-opm» i 

and Form B (normally-closed) contact arrangements is readily 
obtainable. ^ 


Where required, BREAK-MAKE action can be obtained to insure 
non-overlapping of contact closures. Reed relays may be used jim 
logic bits with several coils being used to control a single reed Also 
magnetic yokes may be added to the reeds to provide magnetic 
latching and coincident current operation. 


STANDARD COILS FOR REED RELAYS 


No. of Poles 

Coil Resistance 

12-Volt Coils 

24-Volt Coils 

1 

360 ohms 

1440 ohms 

2 

A 

145 

580 

4 

95 

380 

12 

30 

120 

20 

20 

80 


Operating Times 


Reed relay operating speeds vary with power input. Several typical 
curves indicating “Operate Power in Watts versus Operate Times in 
Milliseconds” are shown for typical units. 

The standard coil data given in the foregoing is based on the power 
lequirement lor the optimum operate time which includes contact 
bounce. Added coil power results in additional bounce thus lengthen¬ 
ing the time lor the contacts to become usable. Conversely, reduced 
coil power increases the operate time. 
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rig. 271. A 20-pole unenclosed reed relay showing coil in position around 

the 20 switching elements. 

Like their component reed switches, reed relays may be fitted into 
whatever locations prove most convenient without regard to mou t- 
ing position. However, care should be taken to avoid mounting them 
adjacent to other magnetic or ferrous parts. Otherwise, magnetic 

shielding may be desirable. . , , , 

The 1- and 2-pole reed relays have “in line” terminals and may be 
soldered directly to studs or supporting wiring in the manner oi 

resistor or capacitors. The 4- 12- and 20-pole re, . a y s . h ^ e ^Xbv 
in two rows. They are adaptable to printed board wiring simply by 

I lending the terminals at right angles. They may also be strapped to 

panels with an aluminum-ended plastic mounting stiap supphe 

for the purpose. 

Various modifications are ayailable in the standard re ®^ 

multi-coil arrangements to enable use of the relays as and/or logic 
elements; greater sensitivity; faster operating ' s l>e e ds; incr 
contact ratings up to 50 watts; increase in contact voltage to 2,000 

volts, and others. 
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Drawing From The First Relay Patent 
Acquired By Struthers-Dunn, Inc. 
The Application Was Filed March 27, 1924. 
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RELAY COMPONENTS 


Magnetic Structures 

It is necessary to provide a magnetic path that affords a high 
permeability channel for the flux, in a practical magnetic relay. This 
channel must be in the form of a closed loop, but a variable low 
permeability section must be introduced into this loop at at least 
one point. 

In general, the high permeability part of the loop is composed of 
iron or steel or of certain iron or steel alloys, where special charac¬ 
teristics are required. The low permeability part is the air gap in 
most instances. The design of the high permeability path, which is 
hereafter called the iron part of the circuit, may be complicated by 
I he fact that it is provided with various irregularities on which other 
components such as contact members, terminals, insulating material, 
etc., may be supported. 

In order to make the air gap variable, it is necessary to provide 
hinges or facilities to permit certain portions of the iron to move with 
respect to the other parts. The resulting arrangement is termed a 
magnetic structure. 

The magnetic structure must have one or more arms or cores 
on which one or more coils may be mounted in order to cause mag¬ 
netic flux to flow through the structure. One-half of such a coil or 
coils usually passes through the loop of iron formed by the structure, 
and the opening provided in the structure for this purpose is known 
us a window. A large window permits the use of a large coil, whereas 
a smaller coil is used with a small window. Where a large window is 
provided the length of the iron path necessary to surround the 
window is greater and the reluctance of the resulting longer iron 
path is increased. As a result, a somewhat larger coil is needed in 
order to produce the same flux density in the longer flux path. 

'Fhe effectiveness of the magnetic structure depends on the total 
(lux rather than on the flux density. If the cross section of the iron 
is increased, the total flux can be accommodated at a lower density 
than in a flux path having a small cross section. Unfortunately, the 
cross section of the flux path cannot be increased indefinitely as the 
point is soon reached where the coil surrounding the flux path must 
nave such a large inside diameter that the average length of turn 
in the coil increases to the point where increasing coil losses more 
Ilian offset any economy resulting from a large iron cross section. 

Since the only flux that is useful in closing the relay is the flux 
that crosses the effective air gap, the proper design procedure is 
first to determine the air gap and the flux that must cross this. Then 
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a suitable magnetic structure and coil can be designed as necessmv 
to produce this flux at the air gap. J 

An effective air gap in a relay is one in which the closing of tlii 
armature either permits the air gap to shorten, or permits it to 
increase in cross sectional area, or both, since a force to close till 
armature is only available when such closing reduces the reluctant'! 
of the air gap, and therefore permits more flux to cross the air gap, 

The magnetic design of a relay necessarily differs in many respect* 
from the design of motors, transformers, and other electrical equip* 
pent. In the latter, the designer strives for high efficiency wherein*, 
in the case of a relay, the efficiency at most times is zero. When 
power is applied to the coil of a relay, the armature does perform 
work for a very brief interval until it has closed, but thereafter nil 
of the power put into the relay coil merely holds the armature closoa 
and all of this power is converted into heat. Obviously then, it in 
desirable to apply a relatively large amount of power to the coll 
during the time the armature is closing when this power can be used 
with some efficiency, and to reduce this power to a minimum after the 
armature has closed and while the power input is dissipated as hen I 

In this connection, there are definite limits as to how far the hold¬ 
ing power can be reduced in practice. The holding power must not 
be reduced to the point where a slight dip in the applied voltage will 
permit the armature to reopen. Those features of a magnetic 
structure which permit the armature to be held closed on an absolute 
minimum amount of power usually have other adverse effects on the 
operation of the relay. If the armature is allowed to close entirely ho 
that the air gap disappears in effect, there will be a tremendou 
increase in flux for a given power input. If this flux increase is ho 
great that a very high degree of saturation is reached, troubles from 
residual magnetism may be anticipated. Another ill that may 
result from permitting the air gap to disappear is that the reactance 
of the coil increases tremendously under such conditions, and any 
delicate contacts that may be used to break the coil circuit will be 
subject to excessive arcing when the highly inductive circuit in 
interrupted. J 

As previously stated, the effectiveness of the magnetic circuit 
depends upon the amount of flux in the air gap and on the rate at 
which this increases as the armature closes. Obviously, any flux in 
the magnetic circuit that does not reach the air gap but which 
strays through any useless alternate path is entirely wasted. Since 
there is no material that serves for insulating flux, the design of an 
effective magnetic structure must provide a leakage path as long 
as practical in order to reduce the amount of stray flux which 
detours around the useful air gap. 

Where the length of the air gap varies due to a sliding motion 
of the armature, it is usually necessary to provide two distinct air 
gaps in series. One of these is variable and provides a path for tin* 
flux to flow from the sliding part of the structure to the stationary 
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Hurt ion. The other is usually fixed in dimensions and provides a 
iHurn path for the flux. The latter fixed path usually subjects the 
,||, ling member to side thrusts which must be reduced to an absolute 
minimum to prevent friction from interfering with the free movement 
„f the plunger or sliding portion of the magnetic structure. 

Where the air gap is varied by hinging one portion of the magnetic 
, tincture, the nature of the hinge itself may vary widely in different 
ilisiens If the relay is to operate on alternating current, the tirst 

.moderation in the design of the hinge is to eliminate or to reduce as 

|„r as possible the chance of the hinge becoming a source ot hum. 
The hinge must be capable of performing millions of operations with- 
nut, excessive wear, and these mechanical considerations must be 
1 'iimbined with the magnetic consideration that the hinge should 
have low reluctance and should contribute as little as possible to 

ntray flux. 

Figs 273 through 275 show a variety of different magnetic struc- 
lii.es Each one of these is more or less typical of certain designs, 
except that in each case, certain evils have been exaggerated as 

Indicated. 

Many commercial relay designs employ laminated structures, 
whereas many others are composed of comparat^e y heavy solid 
unctions. Whenever a changing magnetic flux flows through a con- 
dactor, which in this case is iron, eddy currents are generated in the 
conductor, and these currents flow in a direction to °VPOse the 
change in flux that caused them. In a solid piece of metal of appreci¬ 
able size, the magnitude of these currents may become quite large as 
measured in amperes. Although the resistance of the P a tJj t^roug 
which they flow is very low, these currents do generate a substantial 
amount of heat and this represents energy that is not performing 
any useful function. These currents flow in a closed path. I he 
amount of flux that this path encloses is a measure of the energy 
dissipated by these eddy currents and it is therefore desirable to 
keep the area enclosed by the eddy current paths as small as prac¬ 
tical If the iron that constitutes the magnetic structure is ai ranged 
m the form of strips so that the flux travels along them and does not 
have to jump from strip to strip, also if the strips are arranged so 
that eddy currents must either jump from strip to strip or else 
circulate in a very restricted path limited by the cross section of an 
individual strip, then the loss due to eddy currents is reduced to a 
minimum. In large alternating current operated magnetic devices 
,t, is essential that the magnetic structure be laminated In smaller 
devices, however, laminations introduce a number of ills that make 

t heir use inadvisable. 

Laminations are only of benefit where the flux is constantly 
changing as in the case of alternating-current relays. Laminations 
are definitely a detriment in d-c relays since some space is necessarily 
lost between laminations that might better be devoted to hig 

permeability iron. 
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Another consideration in the case of direct current operated relall 
is that eddy currents only absorb power when the flux is chancing 
v hen It is desired to deenergize a d-c electromagnet, the enoruv 
stored in the magnetic held must be dissipated some place, and ii it 
usually better to have it dissipated in eddy currents briefly heajini 
the iron rather than m the form of an arc at the controlling con tad! 
winch have opened to deenergize the electromagnet. ■ 

Laminated magnetic structures with few exceptions have a squar* 
cross section buch a cross section requires the use of a coil wound on 
a square bobbin and such a coil is less desirable than one wound on 
a cylindrical bobbin. Where the magnetic structure is composed o| 
unlaminated iron sections, these sections may be circular in cm* 
section, thus permitting the use of the most effective coil shape. ■ 

Mention has been made of the desirability of preventing the varj 
able air gap from disappearing completely by permitting the arnift. 
ture to close solidly, iron to iron, on the stationary portion of tim 
magnetic structure. The various irons, steels, and alloys used ii 
constructing re ays are particularly selected for their low retentivitv 
they are usually annealed or otherwise treated to further reduco 
any possibility that residual magnetism will hold the armature 
closed when the operating coil has been deenergized. In service the 
armature usually strikes against some stop with considerable foroa 
every time power is applied to the operating coil. This constant 
pounding will tend to harden and to increase the retentivity of most 
magnetic materials. As a result, these materials must be selected 
with a view to their characteristics after long service as well as their 
initial characteristics when first assembled into a new relay. II 

Magnetic materials which retain little if any permanent mafl. 
netism after going through a magnetic cycle at low flux density, may 
retain a considerable degree of permanent magnetism after goinu 
through a magnetic cycle at extremely high flux density. This con- 
dition is particularly noticeable after the magnetic parts have been 
subject to many hammer blows such as result from normal operation 
oi a relay. 1 his is one of the reasons why anti-freeze devices form 
an important part of many relays. These anti-freeze devices consist 
ot non-magnotic material inserted in the magnetic circuit, usually a I 
the air gap. They prevent the armature from closing tightlv against 
the stationary portion of the magnetic structure. They may be in 
the form of a hardened brass rivet through the armature that^strikcM 
directly on the stationary structure. Conversely, they may be in the 
form of a similar rivet in the stationary structure against which the 
armature strikes. In some cases the anti-freeze will be heavy non¬ 
magnetic plating on either the magnetic structure or the armature. 
Occasionally, where a rigid armature is employed, a stop may be 
located at some distance from the air gap, but arranged so that the 

armature can not approach too closely to the stationary portion of 
the magnetic structure. | 

In some cases the anti-freeze is not located at the air gap. Exces¬ 
sive flux is eliminated by incorporating a high reluctance section at 
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time other point in the flux path. This may be in the form of a brass 
■ii liber washer assembled under the core. Such an anti-freeze 
device does not directly control the minimum amount of flux occur- 
nng at the air gap, due to the fact that, when the armature is closed, 
nunc of the flux through this gap may follow stray leakage paths 
mill avoid the remote point in the magnetic circuit where this anti¬ 
freeze is located. 

A type of maximum flux limiting construction employed oc- 
I'usionally in connection with laminated structures, involves the use 
of butt joints which operate in a manner similar to the brass or fiber 
*1 >itcers previously described. 

riux Leakage Paths 

Since there is no method of insulation to restrain flux to the desired 
liiil'li, it is necessary to proportion the magnetic structure of a relay 
n I hat the majority of the flux will follow the desired path because 
1 1 lias less reluctance than alternate undesired paths. 

Fig. 273 shows three magnetic structures, each of which has 
ii window that will accommodate about the same amount of winding 
in the coil. In sketch A, however, a long narrow coil is employed. 

I bis construction is very desirable from the standpoint of the coil, as 

I I provides a maximum number of turns with a minimum length of 
wire. However it has a disadvantage from the standpoint of leakage 
llux for, as indicated by the lines radiating from the head of the core, 
much of the flux will avoid the armature and perform no useful 
function. In addition, an appreciable amount of leakage may occur 
w ithin the coil itself, following the paths indicated by the dotted lines. 

I n sketch B of Fig. 273, the proportions are changed so that a 
comparatively flat or so-called “pancake” coil is used. This coil is 
disadvantageous from a coil standpoint, since the average length of 
I lie turns in the coil is excessive, but due to the spacing arrangement 
only a negligible amount of flux will avoid the armature and, a,s a 

result, this arrangement is very efficient from a magnetic standpoint. 

% 

In sketch C a compromise is shown between the elongated coil of A 
and the pancake coil of B. In the majority of industrial work the 
importions as shown in C are employed. There is some magnetic 
rakage but the core head is spaced sufficiently far from the stationary 
portion of the hinge to reduce such leakage to an acceptable value. 

Whereas the magnetic structure just discussed employed a U- 
Mliaped stationary magnetic structure, there are examples of an 
K-shaped stationary magnetic structure used in connection with a 
clapper armature as shown in sketch A, Fig. 274. With such a 
mI ructure, the majority of the closing force results from the flux at the 
core head. Unless the hinge has extremely high reluctance, there 
will be only a negligible amount of flux attracting the tip of the 
armature to the upper limb of the E. Usually it is desirable to secure 
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as much closing force as possible when the armature is wide open ami 
when the armature is in this position, the flux at the tip of the arum 
ture contributes very little. When such an armature closes, however, 
the flux at the tip increases very rapidly until it may equal or even 
exceed the amount of flux through the hinge. Where such a struct in¬ 
is used for direct current, it usually makes little difference how tin 
flux divides between the hinge and the armature tip. For alternating 
current applications, however, if the design is such that the armatni* 
strikes the core face, either the flux through the hinge or at (In 
armature tip must predominate by a wide margin to prevent I In- 
armature from “see-sawing” and introducing hum. It is therefon 
customary either to make the upper limb of the E somewhat shot I 
so that the flux at the tip of the armature will never approach in 
magnitude the flux through the hinge, or to arrange the armature mi 



Fig. 273, A-B-C. Magnetic Structures, Clapper Type 
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i Imt it rests on the upper limb of the E with a definite clearance at 
l lie core in the center to prevent it from rocking. 

In sketches A and C of Fig. 273, some flux avoided the anna- 
lure and therefore performed no useful function. In sketch r> of 
Fig. 274 the armature has been hinged at a point more gemote 
from the air gap and, in consequence, practically all of the flux 
attracts the armature. Whereas in the former cases any reluctance 




Fig. 274, A-B. Magnetic Structures, Clapper Type 


in the hinge would encourage flux to avoid the armature, in the last 
rase a hinge of considerable reluctance can be tolerated with negli¬ 
gible loss in effective flux. This is an extremely efficient arrangement. 


Since the reluctance of the air gap is often many times the re¬ 
luctance of the rest of the iron circuit, particularly when the arma¬ 
ture is wide open, it is desirable to reduce the air gap reluctance 
wherever this is possible without introducing any ill-effects. In 
Fig 275-A is shown an arrangement similar to that in *ig. 273-0, 
except that the core face has been enlarged in order to increase 
the cross sectional area of the air gap. In doing this, the reluctance 
of the leakage path between the core face and the stationary portion 
of the hinge has been greatly reduced and, as a result, the leakage 
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flux through this path has been increased. In all probability, such 
a change is likely to do more harm than good. | 

In Fig. 275-B, however, the enlarged core face has been combincil 
with a remote hinge in such a way that the flux that was wash'd 
in sketch A is usefully employed. Some form of unit resembling 
sketch B is probably the most efficient form of clapper magnet 
The requirements of a particular application may necessitate n 
change in the proportions, but in general where it is desirable 
to secure the maximum possible closing force from a limited inpul 
into the coil, the resulting structure will, in many respects, resemble 
Fig. 275-B. 



SATURATING REACTOR 


I Saturating Reactor 

Whereas an ordinary electromagnetic relay is usually P^vided 
with contacts that either open or close the circuit with no inter 
mediate condition, it is occasionally desirable to vaiy one current in 
accordance with variations in a controlling circuit rhisleanbedone 
In some extent using ordinary relays. Circuits such as that shown 1 
|«'ig 101 are known as throttling circuits and may be arranged t 

I 'omewhat similar circuit shown in Fig. 148 accomplishes compara¬ 
ble results. Whenever ordinary electromagnetic relays are used, 
however, any throttling must be accomplished by means of a finite 
number of steps and such systems are impractical where a great 
number of steps or an infinite number ol steps are required. 




Fig. 276. Saturating Reactor 


The saturating reactor shown in Fig. 276 will, however, control 
•m alternating current in a stepless manner. Such an arrangement is 
amently used for dimming theatre lights. The windings on such 
a uffit must be arranged so that there is no energy transferred from 
the alternating current back into the controlling direct curre • 
'This is usually accomplished by the method illustrated. 
direct current coils are connected so that any alternating voltages 
generated in one coil are counteracted by similar and opposite 
Voltages generated in the other. When , a comparatively heavy 

current flows through the direct current windings, the lion throug 
these windings is saturated. Therefore, the reactance in the alterna¬ 
ting current Circuit is at a minimum. If the current through the 
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direct current windings is decreased, the saturation decreases ami 
the reactance in the alternating current circuit increases. | 

The circuit constants are usually chosen so that, with no current 
flowing in the direct current controlling windings, the reactance l«i 
a flow of alternating current is so great that the flow of alternation 
current drops to a negligible value. The direct current may of course 
be obtained by rectifying alternating current. In some clever 
patented circuits, the alternating current output of such a device in 
rectified and used to control another similar unit. By cascading u 
number of such units, an amplifier may be constructed that will 
control very large amounts of power in the final stage in accordance 
with variations in the order of microwatts in the controlling circuit 
of the initial stage. The speed of response of such a combination in 
necessarily far below the frequency of the alternating current on 
which it operates. 


Magnetic Theory 

Since the simplest relay operates in accordance with electric, 
magnetic, and mechanical laws, understanding of their performance 
requires some knowledge of these laws. Numerous text books treat 
these subjects in great detail, but a brief outline of the fundamentals 
involved is given here to refresh the memory of engineers who may 
have forgotten some of them. 

Any conductor that is carrying an electric current is surrounded 
by a magnetic field. The lines of force representing this field arc 
shown in Pig. 277 as closed loops. Although the loops are shown 
spaced at intervals along the wire, it must be understood that 
these loops merely represent the magnetic field which, in reality, in 
distributed throughout all of the space surrounding the wire. ! 

L he direction of the magnetic field is indicated by arrow heads on 
the loops. Several methods are used for determining this direction. 
If an ordinary right hand screw is turned so that it advances in the 
direction of the current flow, the direction in which it is turned will 
be the same as that of the magnetic fields surrounding the conductor. 

Another simple method of determining the direction of the field 
involves grasping the wire with the right hand so that the thumb 
points in the direction of the current flow. The fingers of the hand 
will then point around the wire in the direction of the magnetic field. 

Fig. 277 also shows the conductor bent into several turns and 
it illustrates how the individual loops that indicate the magnetic 

field blend into larger loops surrounding the several turns comprising 
the coil. 

With very few exceptions a relay coil employs a large number of 
such turns of wire. The right hand may again be used illustrating 
the direction of the magnetic flux that results from the passage of 
current through such a coil. 
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Fig. 278 illustrates a coil. If such a coil is grasped by the right 
hand in such a way that the fingers point around the coil in the 
name direction that the current flows around the coil, then the 
I humb will point in the direction in w;hich flux is considered to issue 
from the center of the coil, and this is the north magnetic pole. It 
makes no difference how the coil is wound. The current may enter 
I he coil at the inside end of the winding or at the outside. The indi¬ 
vidual turns in any layer may progress in either direction but the 
only -characteristic that determines the polarity ol the resulting held 
is the direction in which current flows around the core. 



Fig. 277. Direction of Magnetic Field Surrounding a 

Current Carrying Conductor 


Fig. 278 illustrates two similar solenoid and battery circuits 
in which the only difference is the direction of the current flow 
around the core. In each case the coil has been grasped by a right 
hand with the fingers in the direction of the current flow. Also, in 
each case the thumb indicates the north magnetic pole. 

When a conductor moves through a magnetic field in a direction 
such that its motion causes it to cut through the lines ot force, another 
set of laws becomes involved which determine the relationship 
between the direction of the magnetic field, the direction of motion of 
(he conductor, and the direction of the current in the conductor or 
the voltage generated in the latter. In the case of a motor where 
current is caused to flow r through the conductor due to some external 
power supply, the conductor will be urged to cut through the flux 
surrounding it in accordance with Fleming’s Left Hand Motoi 
Rule. If the thumb, forefinger and middle finger of the left hand be 
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Fig. 278. Determining Polarity of Electromagnet 


arranged so that the three are mutually at right angles to each other, 
and then if the forefinger be pointed in the direction of the flux, and 
the middle finger be pointed in the direction of the current flow, the 
thumb will point in the direction of the motion. A left hand arranged 
in this manner is shown on the left side of Fig. 279. By means 
of this rule, if any two of the three quantities, flux, current and 
motion, are known, the direction of the remaining quantity can be 
determined. 

Fleming’s Right Hand Generator Rule is much similar. In a 
generator the motion is supplied by external means. As in the 
previous case, the forefinger indicates the direction of the magnetic 
flux, the thumb indicates the direction of the motion and the middle 
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linger indicates the direction that current will flow if a suitable path 
is provided. Whether or not a current path is provided, a voltage or 
electromotive force (emf) will be generated in the direction indi¬ 
cated by the middle finger. 



FLEMING'S RULES 


Fig 279. Determination of Direction of Rotation of a Motor or the 
Direction of emf Generated in a Conductor Moving in a Magnetic Field 

The thumb and forefinger of the right hand arranged mutually at 
right angles to each other are shown on the right side ot Iig. 27 X 
As an aid to remembering the significance of the different fingers it 
w iU be recalled that flux flows from north to south which are direc¬ 
tions that are pointed with the forefinger. Motion or travel bears a 
definite connection with the thumb in connection with hitch hiking, 
and the remaining finger that is involved, namely, the middle finger, 
indicates the remaining quantity, which in this case is current or 
emf. In order to remember which hand is which, it is advisable to 
remember that there is a device called a motor-generator, and reading 
f rom left to right the left hand is used for motor determination, and 

the right hand for generator determination. 

A practical application of these laws in connection with relays is 
frequently encountered in connection with electromagnetic blow-out 
coils that are used to assist an opening contact to interrupt an arc. 
Such a circuit is shown diagrammatically in Fig. 280. 

When the contact shown is closed, current flows from the positive 
terminal of the battery through the contact finger to the fixed con¬ 
tact and through the blow-out coil around through an inductive load, 
and back to the negative terminal of the battery. If the core around 
which the blow-out coil is wound is grasped by the right hand with 
the fingers aiming in the direction in which current flows in the coil, 
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then the thumb will indicate the direction of the flux through tin* 
core. The flux will flow to the left through the core making the poln 
face at the left the north pole—as indicated by the letter N; and 
the pole face at the right the south pole—as indicated by the 
letter S. The flux will flow past the contacts as shown by the arrow 
heads, from left to right. When the contact opens, an arc will form 
This arc is a conductor carrying current downward. If we then iim< 
the left hand motor rule pointing the forefinger to the right in (lie 
direction of the fiux, and pointing the middle finger downward in (lie 
direction of the current flow, there will be a tendency for the cori¬ 



ng. 280. Fleming’s Rules Applied to Snuffing Action of a Blow-Out Coll 


cluctor or arc path to be moved in the direction indicated by the 
thumb, or in other words, toward the observer, and an attempt has 
been made to indicate this motion of the arc in the diagram. 

u . 0 ^ same identical contact and blow-out coil 

combination previously described. In this case, however, the polarity 
of the battery has been reversed so that the current through the 
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|,|ow-out coil winding now flows in the opposite direction, causing 
I be north magnetic pole to be on the right, and the south on the left, 
»n determined by the right hand grasping the core with the fingers 
pointing in the direction of the current flow, and the thumb indicating 
Ibe direction of flux. The reversal of the battery has also caused 
I lie current in the arc to flow upward and the sketch of a left hand 
hi tows the new direction assumed by these quantities. The forefingci 

now points to 

linger points upward in the direction of the current. Thus^ with 
these two quantities reversed, it will be observed that the thumb 



Fig. 281. Effect of Reversed Current Flow of a Blow-Out Coil 


still points outward toward the observer. As a result, the arc is blown 
in the same direction as it w^as before the battery w’as reversed. 

From the foregoing it is obvious that, if the direction of any two 
of three quantities—current, flux and motion—are reveised, the 
remaining one continues in its original direction Conversely, it 
any one is reversed, one of the other two must also be reversed. 
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Fig. 282. Fleming’s Rules Applied to Permanent Magnet Blow-Out 


fact tl J? t U? arc is ahva ys blown in the same direction bv an 
current^the'flre T° Ut COi1 ’ f gar<lless of the direction of the 

cirren teVTich i° ^ U? ?i effecti Y el y in connection with alternating 

mg such blow-out coils to be connected in d-c circuits where the 

current'flow^X* fl ° W ls ]| un . known . , as regardless of the direction, 
current flow in the arc will always blow out in the same direction! 

somV condit?ons Cal Tn T P i° y electroma g neti c blow-out coils under 
nX be usid Fiv a P er “ n t magnetic blow-out 

contacts and inductive load identical to those show^Tfig 280 

for the electromagnetic blow-out. As in the previous case the fluv 

is dnected toward the right and the current path in the arc is down- 
v ard. Th er ef° re , the motion of the conductor or arc path is outward 
toward the observer, as indicated by the sketch of a left hand. 
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Fig. 283. Effect of Reversed Current Flow on Permanent Magnet Blow-Out 


With this arrangement, however, if the polarity of the battery is 
reversed as shown in Fig. 283, so that the current in the arc path 
Hows upward, the polarity of the magnetic flux will not be reversed 
and will still be directed toward the right. If the middle finger of 
I he left hand is aimed upward in the direction of the current and 
the forefinger is directed to the right in the direction of the flux, 
then the thumb will indicate the motion of the arc which will be 
blown away from the observer. In the construction of many relays 
such action as just described will deflect the arc into the relay mech¬ 
anism, which would be injurious to the mechanism. On such relays 
it is necessary to mark the contact terminals in a manner so that the 
user may always be sure of connecting them so that the current of the 
arc will always flow in the proper direction with the result that the 
arc will be blown out away from the mechanism and not drawn 
inward. 

Another application of Fleming’s Rule is encountered in connection 
with the #5 Frame relays and, in particular, the variation of this 
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Which is used for universal a-c, d-c service, which is known as thn 
#54 series. See Chapter 3, Page 150. 

In these relays where the trip coil is energized briefly, an extremely 
strong coil may be employed. Such a strong coil generates so much 
flux that the iron magnetic path is highly saturated, and a very 
strong magnetic field surrounds the coil due to magnetic leakage, 
ouch a relay is shown diagrammatically in Fig. 284. 6 



Fig. 284. Fleming’s Rules Applied to Blow-Out Effect of 

Leakage Flux on Five Frame Relay 


The contact is closed by operation of push button PBC which 
energizes the left hand coil closing the corresponding armature which 

Whcn h ?t°^ ‘i, los . ed ,™ der the Projection of the right hand armature. 

tn n^ WhlC V+ en relea i es the left hand armat ure permitting the latter 
arc whth n t^,?h en 6 C0 ? ta< \ As the intact opens it draws an 

“r d , The leakage flux only one path of which is shown, will 
cut through the arc from right to left. 

fl^Tlh?«w^ 10n S an be determin ed by the right hand rule 

as illustrated, wherein the flux moves to the right through the iron 
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utructure, and therefore necessarily moves to the left in the return 
path through air. The direction of the motion of the arc can then 
Ik* determined by Fleming’s Left Hand Motor Rule where the fore¬ 
finger indicates the direction of the flux, the middle finger indicates 
I lie direction of the current flow, and the thumb indicates the direc¬ 
tion of the resulting motion. 

It must be borne in mind that a blow-out effect such as this can 
flest be secured when the coil is most strongly energized at the 
instant the contacts are opening. Furthermore, a very strong 
magnetic field is required in the space where the contact is located, 
and such a strong leakage field can, in general, be secured only where 
very strongly energized intermittent duty coils are employed. 
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General Coil Considerations 

The purpose of a relay coil is to create a magnetomotive force that 
causes magnetic flux in the iron structure of the relay, which in turn 
causes movement of the armature. The simplest‘measure of the 
effectiveness of a coil is measured in ampere-turns. In most appli 
cations the limiting factor governing the amount of ampere-turnn 
that can be developed by a given coil is the generation of heat in the 
coil. The consumption of a minimum amount of energy in order to 
reduce wear and tear on any delicate contacts that may control the 
coil is also a factor. Electrical current will flow in a closed circuit 
only, and the current at any instant is equal in all parts of the circuit, 
Similarly, magnetic flux will flow in a closed path only and, at any 
instant, the flux in any one part of the total path is equal to the flux 
in any other part, of the total path. In other words, either flux op 
current may at times divide into several parallel paths, but the total 
current or total flux through all such parallel paths is the same as the 
current or flux through any path or group of parallel paths that muv 
be in series with it. 




Fig. 285, 1-2. Closed Electrical Circuit Linked to Closed Magnetic Circuit 


In order for an electrical current to generate flux in a magnetic 
circuit, the closed path through which the current flows must link 
like links in a chain, a closed path through which flux flows. | 

Fig. 285, 1 shows a magnetic frame that forms a closed path for the 
flux. Linked with this magnetic path is a current path provided by 
a large conductor. If, let us say, 300 amperes flow through the 
conductor at a given instant, it will have the effect of 300 ampere- 
turns available to generate flux in the magnetic circuit. The large 
conductor in this case may be either solid or stranded/ 

From a magnetic standpoint, the results will be the same whether 
the conductor has 10 strands with each strand carrying 30 amperes 
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or is solid and carries 300 amperes. Again, the same situation will 
exist if 30 amperes flow through a strand and the same strand is 
wound around the magnetic frame so that it passes through the 
window 10 times, as shown in Fig. 285, 2. This same subdivision 
can be carried on as far as necessary. 

Fig. 286, 1 shows the same magnetic structure carrying a coil 
which has 3000 turns of fine wire. If this fine wire carries 0.1 ampere 
' 1 1 1 rough the window 3000 times, it provides 300 ampere-turns. Thus, 
magnetically, this is identical with the case where we had a single 
wire carrying 300 amperes. 



Fig. 286, 1-2. Many Turn Coil Linking Electrical 

Circuit to Magnetic Circuit 


Fig. 286, 2 depicts the same magnetic structure but with the coil 
cut away showing a dot at the center of each severed wire represent¬ 
ing the point of an arrow indicating that the current is flowing toward 
the observer. On the other side of the coil, each wire shows a little 
cross to denote the tail feathers of an arrow and representing the fact 
that the current is flowing away from the observer. From a magnetic 
standpoint, it can readily be seen that it makes no difference whether 
each of these small wires carries its separate current, or whether all 
of these small currents are united into a large current which would 
be carried by a single large conductor. 

In certain cases, conditions arise wherein two or more coils are 
operating in connection with a single magnetic structure. If they 
both carry current through the window in the same direction, their 
effect is the same as that of a single coil developing the same total 
number of ampere-turns. If at any time the current in one of these 
coils is reversed, one current is said to buck the other. The coil that 
develops the smaller number of ampere-turns will neutralize a corres¬ 
ponding amount of the ampere-turns developed by the stronger coil. 
The net result will be the difference between the ampere-turns 
developed by the two coils. 
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287 shows two coils carrying current in opposite direr* 
tions around a magnetic structure. The net result of the opposing 

S C IC if e l 1S + equiVf } Ient to the difference in the ampere-tun.M 
Pfl7rtfn Ped by th + e - two C0lls - As shown, the upper coil has three turns 
liasTur fnrn^ ent m * countercl .ockwise direction, and the lower roll 
in LpL 1 ” of ymg cu T nt in a clockwise direction. If the current 

and thJ 1S 25 Tr the u W er coil wil1 develop 75 ampere-turns 

a™fp?r r - C011 °°, am pcre-tur n s, and the net effect will be. 25 
ampere turns in a clockwise direction. 

P^Per use of conductors and non-conductors it is possible 
desfre them ?o flow Ur Th ,I?t ° the 6X , act path throu e h wo 

We can only d.rect it by providing a fairly low reluctance path 
through wh.ch most of the flux will flow. Due to this fact, somc !!l 

desire to^eh^or b T ‘- he n'' <J ° eS not reaoh the P oints where 

the ampere-turns provided by the coil. When this happens the 

puted bv t[nl’ tUrnS tp WlU be , somewhat less than the vahie com¬ 
puted by multiplying the number of turns by the amperes, since all 



Fig. 287. Opposing Coils Linked to Common Magnetic Circuit 


of the turns will not link all of the flux. The latter condition onlv 
becomes acute when the coil is long and slender; when its length is 
veiy short in comparison with its diameter, as in the so-called nan 

|c e uit C ^ 

n0t ^tantially greater 

energy^ntefmainebc flf, & ?° 0d T 0 ?? sign is t0 con ^rt electrical 
that greatly affect the efficiency of a coil. The poikr Zsumed by 
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I he coil is equal to th£ current squared times the resistance of the 
roil windings. For a given amount of current and a given number of 
turns, the power consumed will be reduced if the resistance of an 
average turn is reduced to the minimum or, in other words, if the 
average length of the turns is short. 

In order to enclose the greatest area with the shortest line, the 
line should be drawn in the form of a circle. The round coil will 
therefore convert the electrical energy put into it into ampere-turns 
with appreciably higher efficiency than can be secured with a square 
coil or one having a rectangular cross section. Also, a long slender 
coil will have a shorter average length of turn than a corresponding 
nhorter coil with larger diameter. As previously stated, the long 
lender coil suffers from excessive flux leakage, however, and the ideal 
j noportions can only be determined by accurate analysis confirmed 
by cut and try methods. 


Mechanical Construction 

Most coils consist of a comparatively large number of turns of 
fine wire. When a potential difference is established between the 
terminals of the coil and a resulting current flows through the wind¬ 
ing, a potential difference appears between all of the several turns 
in the coil. The voltage that can be measured between any two 
adjacent turns is very slight. The voltage that can be measured 
between any adjacent layers is substantially larger, and the voltage 
between the outermost layer and the lead from the innermost layer 
may be very substantial. 

Ample insulation must be provided to prevent the flow of any 
leakage current due to these several voltages. Enameled wire is 
most commonly employed, as this will, in the majority of instances, 
provide ample insulation between turns and between layers. In some 
coils where surges of extremely high voltage may be applied to the 
terminals—resulting in corresponding surges in the smaller voltage 
between turns and layers—it is occasionally necessary to employ a 
winding of cotton thread around the wire outside of the enamel. 
Long slender coils have many more turns per layer and therefore 
may develop much higher voltages between layers than those 
encountered in shorter coils. 

Where the voltage between layers is so great or the protection 
afforded by the enamel or other insulation so low that a breakdown 
between adjacent layers must be considered a possibility, it becomes 
necessary to interpose layers of insulation between successive layers 
of windings. On the other hand, where any possibility of such a 
breakdown between layers is extremely remote, it is practicable to 
employ so-called “random wound” coils. 

A good random wound coil is not, as one might suspect from its 
name, wound in a helter-skelter manner. Its construction, however, 
does permit the possibility of a turn in one layer of the coil coming 
in contact with another turn that may be several layers removed. 
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In on^ em /.u aSeS \- WO tu , rns mi S ht be in contact which have as much 
as zv / 0 ot the entire voltage drop of a coil measurable across them 

Many different types ot insulating material are used in coil con 
st ruction in addition to the enamel, cotton, or silk that surroumln 
the individual wire. In some cases cotton thread is spun between 
layers and, in other cases, paper is used between layers. Tape of 
various types such as paper, cambric, cellulose acetate and similui 
materials may be used to isolate the inner end of the coil where it in 
brought out past the other layers. These same materials are largely 
used to insulate the junction between the fine wire with which the 

are commonly brought out 

for external connections. 

In addition to being able to withstand electrical abuse, coils muni 

also be designed to withstand the rigors of mechanical, chemical and 
thermal extremes. 

Mechanically, a coil must be capable of withstanding mucli 

handling during the assembly before being assembled into the relay 

where it usually receives some protection. Externally, it must be 

served with paper, cloth, tape, thread or some sort of armor to resist 

maltreatment. In particular, the leads of a coil must be securely 

anchored so that they will neither pull out nor permit the more 

delicate wire with which the coil is wound to be disturbed by any 
normal handling. J * y 

Chemically, the coil must be sealed to resist the entrance of 
nunsture or corrosive fumes. Moreover, there should be no material 
inside that, will permit the creation of corrosive substances in case 
moisture does in some manner find entrance. Any vacant spaces that. 

“breathe 0 ’* 1 mS1( ^ e °* a com P^ cte co ^ after impregnation may 

In normal operation most coils heat and cool off periodically due 
to the changes in ambient temperatures between day and night, and 
due to the difference in their temperature when they are energized 
and when they are deenergized. Any entrapped air or gas will tend 
to expand when hot and to contract when cold. If such a pocket 
hnds any slightest communication with the outer air it would tend 
to breathe in moist air and “breathe” out dry air, thus accumu¬ 
lating moisture within the coil, which necessitates the double pre¬ 
caution of sealing out the moisture and then selecting material that, 
moisture will not convert into corrosive substances. 

The amount of ampere-turns a given coil can develop is propor¬ 
tional to the amount of current that can be put through it. The 
amount of heat generated is proportional to the square of the amount 
oi current and is therefore proportional to the square of the ampere- 
turns. hus, the entire effectiveness of a coil literally depends on 
the temperature rise that it will withstand safely. . I 

I he heat input is determined by the power input. As the coil 
becomes warm the heat given off by it increases until the heat lost 
by the coil equals the heat produced by the coil. The greater the 
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Niirface area of the coil the faster it will lose heat and the higher the 
lliermal conductivity of its insulation, the faster the heat will be con¬ 
ducted from the inside to the outer surface where it may be dissipated 
hy radiation or convection. 

Some new electrical insulating materials have recently been intro¬ 
duced which permit a coil to operate at a very high temperature 
without suffering injury. Sometimes however, the benefits derived 
lire questionable as, in many cases, such materials are not only elec- 
i rical insulators but are also excellent heat insulators as well. Conse¬ 
quently, nothing is gained by operating a coil at an internal temper¬ 
ature of 200° C., when this results from the same current through 
the winding that, with other insulation, would result in a total 
temperature of only 100° C. 

Any discussion of coil construction must necessarily include the 
fact that coil design is the result of many compromises. Moreover, 
Hie proper design for one coil is not necessarily similar to the proper 
design for another. A low voltage coil is usually wound with fairly 
heavy wire. If this wire is 0.01" in diameter and without any 
chemical protection, corrosion might eat into the wire during the 
normal life to an extent of 0.0005" and still leave the coil in service¬ 
able condition. On the other hand, should the coil be wound with 
0.001" diameter wire there would be no wire left if corrosion ate into 
it 0.0005" on all sides. In the former case, the designer can concen¬ 
trate on sturdiness and on obtaining the most ampere-turns in the 
available space. In the latter case, however, the designer must 
consider corrosion first, last and at all times, and obtain what ampere- 
lurns he can after every possible precaution has been taken to 
eliminate entirely the effects of corrosion. 

Different problems may even arise in connection with two coils 
having the same general outside form and dimensions and having 
the same number of turns and the same size wire. If one of these 
coils is to be used on a sturdy relay, for instance, the main considera¬ 
tion will be that of obtaining the most ampere-turns which, in turn, 
will mean overcoming any ill effects that might result from continued 
operation at high temperature. If the other similar coil is to be 
used on a sensitive relay, however, it may never operate at a tempera- 
t ure that is appreciably above ambient. Under such conditions, the 
life of the coil is substantially the shelf life. 

As a rule, coils and particularly fine wire coils do not last as long 
on the shelf as they do in service. Breathing, due to the difference 
of day and night temperatures, may cause them to acquire moisture 
slowly. This moisture will remain in them permanently, whereas 
another coil that is periodically heated or which operates for extended 
periods at a temperature above that of surrounding objects, will lose 
any excess moisture by evaporation. 

The sensitive relay coil, therefore, should be designed primarily 
lor corrosion resistance. Many different impregnating processes are 
employed for this purpose. These range from a varnish dip with 
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only slight penetration for sealing the surface, to multiple vacuum 
impregnations designed to fill every cavity existing throughout Urn 
coil. 

In some instances coils are impregnated with a polymeriziii# 
liquid that is converted into a plastic after it has been absorbed into 
the windings. In other cases coil layers are separated by a row 
thermoplastic material which is converted into its final form after 
the coil is completed. Again, in addition to being sealed the coil 
may receive an additional water repellent coating usually in the 
form of a wax. | 

In all cases, and particularly where waxes are employed, the 
material should be carefully selected and sparingly used to avoid any 
possibility of the impregnating material, under any combination <»l 
circumstances, from working out of the coil and forming a gummy 
deposit on the mechanical operating parts of the relay. 

A-C vs. D-C Coil Considerations 

Power in a d-c circuit is measured in watts and the power consumed 
by any device is equal to the product of the current through the 
device and the voltage measured across it. If the current enters the 
device at the positive terminal and leaves at the negative terminal, 
the device absorbs power. Charging a storage battery is an example 
of such a condition. If the current leaves the device at the positive 
terminal and re-enters the device at the negative terminal, the 
product of the current and voltage indicates the power supplied by 
the device to the external circuit. This is the condition encountered 
in discharging a storage battery. 1 

A very similar rule applies in the case of alternating-current 
devices except that, due to the fact that the direction of the voltage 
and the direction of the current are constantly changing, there are 
some further complications. 1 

II the current and the voltage are in phase with each other—■ 
that is, reversing simultaneously, so that the current always leaven 
a terminal when it is negative and returns through the other terminal 
when it is positive—then the product of current and voltage will 
give the power absorbed by the device. Conversely, if the direction 
of the voltage and current change in unison but the current always 
leaves from the terminal that is positive at the particular instant 
considered, then the device is generating power and feeding it to an 
external circuit. Again, this power is equal to the product of current 
and voltage. 

In practical cases, except where the load is a non-inductive resist¬ 
ance, the direction of the voltage and the direction of the current 
will not change simultaneously. In the case of a relay coil, for 
instance, power will be delivered to the coil most of the time but 
the voltage will reverse before the current flow reverses. Twice each 
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cycle during this brief instant, current will flow into the negative 
terminal and out of the positive terminal and the coil will deliver 
power to the line. This small amount of power is derived from the 
energy that has been stored in the collapsing magnetic field. Thus 
1 1 can be seen that the average power taken by the coil is less than 
would be the case if it were absorbing power at all times. The product 
of voltage and current is called volt-amperes, which is abbreviated va. 
.The actual power going into the circuit as measured in watts is less 
Ilian the volt-amperes by a fraction that is called the power factor. 
The watts consumed are equal to the volt-amperes times the power 
factor. 

All of the power input in a d-c coil is devoted to heating the copper 
in the winding in accordance with the formula: W equals PR. On 
l he other hand, an a-c coil develops this same so-called copper loss 
in id, in addition, some of the input power is converted into heat due 
to the flow of induced eddy currents in any metallic parts. 

A changing flux is generated by the alternating current flowing in 
(he coil. This varying flux will generate eddy currents which may 
occur in the iron parts of the magnetic structure, in any associated 
parts such as clamping plates, or even in the copper winding itself. 
Most a-c relays employ a shading coil to help reduce hum. A shading 
coil on an a-c relay converts an appreciable amount of power into 
heat and, unless this coil is very carefully designed, it is possible 
that a considerable portion of the input power will be absorbed by it. 
The action of the shading coil is later described in detail. 

An additional amount of the power required by an a-c relay is 
converted into heat as a result of hysteresis in the magnetic structure. 

I )ue to the fact that a magnetic structure must fulfill a number of 
mechanical requirements in addition to its magnetic requirements, 
its shape is usually rather complicated. Seldom is the cross section 
available for the magnetic flux uniform throughout the magnetic 
hI ructure. As a result, different portions of the structure are saturated 
with flux to a different degree. It is extremely difficult to set up a 
formula that will indicate the exact amount of hysteresis loss as 
there arc a large number of variables involved. 

When a magnetic field is established in an iron circuit, it represents 
a definite amount of energy that has been taken from the current 
supply. When this magnetic field collapses or is reversed due to 
fluctuations in the a-c supply to the coil, all of the energy that was 
st ored in the iron is not returned to the electrical circuit. The energy 
that is not returned to the circuit is converted into heat and this is 

the hysteresis loss. 

Opposition to the flow of current through a d-c coil is entirely the 
result of the ohmic resistance of the windings. Opposition to the 
How of alternating current through a coil is largely the result of 
reactance of the coil, although ohmic resistance is a contributing 
factor. As the current flowing through the coil is increased, the 
temperature will normally increase and this will have the effect of 
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11 <• »» . ^ increasing the opposition In 

the flow ot direct current. When, for any reason, however, the How 

oi alternating current through a coil is increased, the iron path fur 
the flux becomes more nearly saturated. Due to the non-uniform 
cross section of this path, first one part will saturate and then, ill 
the flux further increases, another part will saturate. As more ami 
more portions of the flux path become saturated the reactancu 
decreases more and more, as reactance can only be constant when 
an increase in current through the coil results in a corresponding 
increase in flux. It may therefore be seen that, in connection with mu 
a-c coil, although the resistance increases, this is a minor faclm 
.1 he decrease in reactance is the predominating factor, and tin* 
impedance of the coil will decrease as the current through it increase* 

T1 .\ e . foregoing shows that, in the case of a d-c shunt coil, it i* 
possible to withstand substantial overvoltages, as the increasing 
temperature of the coil will permit the coil current to increase les* 
rapidly than the voltage increases. On the other hand, an increase 
in applied voltage on an a-c shunt coil will decrease the impedance 
oi the coil As a result, the current through the coil will increase 
more rapidly than the voltage. Therefore, overheating of the coil i* 
more apt to occur on abnormal voltages. j 

In the case of series coils the condition applying to shunt coils is 

reveised. A series coil does not have full line voltage applied to it, 

It operates in series with some external device and the resistance m 

impedance of the external device determines the amount of current 

that flows through the relay coil. If, for any reason, this current 

increases, a change in the resistance or impedance of the relay coil 

will not alter the current value through the relay appreciably. When 

lor any reason direct current through such a coil increases, the 

resistance of the coil will also increase. As the wattage input to the 

cod increases directly with its resistance and increases as the square 

ot the current, when all of these factors increase, the wattage increase* 
very rapidly. 

A fortunate factor in this situation results from the fact that serie* 
cods are usually wound with fairly heavy wire which requires little 
insulation. As a result, such a coil seldom develops hot spots in it* 
interior, and is therefore capable of dissipating substantially more 
power than can be dissipated by a fine wire coil. 

A series coil operating on alternating current will tend to saturate 
its magnetic path as the current increases. This will reduce the 
impedance of the coil and will result in voltage drop across the coil 
increasing less rapidly than the current through the coil. There i* 
no saving in the power consumed by the coil, however, and we must 

again depend on the better heat-dissipating characteristics of the coil 
to protect it in case of severe overloads. 

If for any reason one or a few turns in a d-c coil become shorl 
drcuited, there is little harm done. The overall resistance of the coil 
will be slightly decreased and the power consumed, as well as the 
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iimpere-turns developed, will be slightly increased. However, unless 
llie shorted turns constitute an appreciable percentage of the total 
number of turns, no harm will result. 

In the case of an a-c coil, however, when any turns are short 
circuited, we have in effect a transformer. When power is applied 
In the turns that are not short circuited, flux will flow in the mag¬ 
netic circuit and this will induce large currents in the short circuited 
-Iurns. The short circuited turns will absorb an appreciable amount 
of power and, in addition, the current flowing in these short circuited 
turns will at all times flow in a direction to oppose the magnetic 
llux that caused this current to flow. In consequence, not only will 
die power input into the coil increase out of all proportion to the 
number of short circuited turns, but the useful flux will decrease 
greatly due to the large currents in the short circuited turns that 
lire opposing it. 

I n the case of d-c relays, it is entirely practical to use two or more 
coils on the same magnetic circuit. If one such coil has only a few 
I urns of wire and another coil linking the same magnetic circuit has 
many turns of wire, it is possible to induce quite large voltages in the 
latter if current is suddenly caused to flow in the former. I his 
condition is only transient, however, and can usually be ignored. 

A much more serious condition arises when an attempt is made to 
place two or more coils on the same magnetic structure if any one 
of them at any time has alternating current flowing through it. 
As soon as alternating current is caused to flow through one coil, a-c 
voltages will be generated in any other coils on the same magnetic 
frame. If the terminals of these other coils are connected together 
iu any way, such as through a battery circuit or through any trans¬ 
former windings, then current will flow in these other relay windings 
and power will be fed from the relay windings back into any devices 
which may be connected to them. As in the case of short circuited 
turns, a current in these other windings will be in such direction as 
lo oppose the flux that caused them. The relay will be very weak and 
I he considerable amounts of power that may be handled may cause 
severe overheating. 

When an a-c relay is provided with a tapped coil, the same con¬ 
dition is encountered as in the case of multiple coils. If an a-c 
voltage is applied to any portion of the tapped coil, power will be 
delivered from any other portion, if a current path is provided. 
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The Growth and Decay of Current in a D-C Relay Coil 

Fig. 288 illustrates the growth and decay of current in a relay 
coil designed for d-c operation. The coil circuit is closed at time A, 
Somewhat later at time B the coil current has increased to the pick-up 
value necessary to start the armature closing. The armature close* 
during B to C and in doing so generates a back voltage opposing 
the applied voltage. The armature accelerates as it closes and 
generates more and more back voltage so that the coil current is 
reduced to a comparatively low value at C where the armature i t 
fully closed. When the armature is fully closed the back voltage 
disappears and the full applied voltage is again available to drive 
current through the coil. ' 



Fig. 288. Instantaneous Values of Current Through D-C Relay Coil 


With the armature closed, the coil is more inductive than it wan 
with the armature open. Thus the growth of current from C to I) is 
more gradual than it was from A to B. At D the coil current reaches 
its final value. ' 

Extended application of power to the coil will heat it and increase 
its resistance resulting in an eventual decrease in coil current E to I 1 ’. 

Opening of the coil circuit at G will cause the coil current to de¬ 
crease and, when it reaches the drop out point at H, the armature 
will start to open. 

The shape of the curve depicting the decrease in coil current from 
G to J will depend on factors external to the relay. These factors 
include arcing at the pilot contacts that have interrupted the coil 
current and the nature of any conductive path that may be shunted 
across the coil. 

t 

Coil Corrosion 

Under some conditions, d-c coils are more subject to corrosion 
than similar a-c coils. Corrosion is, in general, the result of electro!- 
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ysis. In an electroplating bath, metal is removed from the anode 
or positive electrode, and deposited on the cathode or negative 
electrode. In any electrical device, in the presence of the slightest 
I race of moisture, there is a tendency for metal to be removed from 
miy part at one potential and transferred to any other part that is 
ut a lower potential. 

Barely in the case of an a-c relay, is any part positive with respect 
In any other part for more than 1/120 of a second at a time, and the 
alternating polarity tends to inhibit corrosion. In a d-c relay, how¬ 
ever, it is possible for some parts to remain at a potential far above 
oilier parts over extended periods. Wherever practical, circuits 
Hliould be laid out so that coils are connected permanently to the 
negative side of the line. This procedure is usually sufficient to 
inhibit corrosion. 

Where a coil must be wound with fine wire and where, for any 
reason, it is particularly difficult to protect the relay from severe 
moisture conditions, further steps may be taken. The frame of the 
relay including the core through the coil should, if possible, be 
connected permanently to the positive side of the line, so that any 
transfer of metal will be from the core to the coil rather than from 
I lie coil to the core. 

In many instances it will be found that one lead of the coil winding 
must necessarily be connected to the positive side of the line for long 
neriods, while the other lead must be connected to the negative side. 
Here it is advisable to connect the outside lead of the coil to the 
positive side of the line as this lead is usually farther removed from 
any metal parts of the relay on which its copper might be deposited. 

Coil Computations 

The user of a relay who intends to apply a more or less constant 
voltage to the coil when in operation need give little attention to any 
coil computations, as the manufacturer’s catalog data will afford all 
I lie necessary information. When, however, it is desired to employ 
a coil in some manner that was not anticipated when the catalog 
data were compiled, it is necessary to know just what effect will result 
from operating the coil at some voltage, current or frequency other 
than that for which it was intended. 

It is standard practice to wind coils to a definite number of turns. 
Slight unintentional variations in the size of the wire will cause 
supposedly similar coils to vary somewhat in resistance. A variation 
of plus or minus 734% in resistance is considered acceptable for the 
majority of applications. For operation on direct current, the 
resistance of the coil is the major consideration. The resistance will 
determine the wattage of the coil and, therefore, the heating, in 
accordance with the formula: 

E 2 

W = PR or W = £ 

Where the current is established as in the case of a series coil, an 
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increase in resistance will result in an increase in wattage and heal 
ing. Where the voltage is established as in the case of a shunt coil, 11 
decrease in resistance will result in an increase in wattage and heal 


When a relay coil is to be selected for a d-c application we usually 

know in advance from catalog data the number of turns in the coil * 

corresponding to the various resistances in which the coils are avail 

able. Tables 20 and 21 on page 413 show such data for two sizes ol 

coils that are used in 36 different relay series made by StrutheiM- 
Dunn. 


The middle column gives the wire size which, in some cases, is of 
assistance in determining the current carrying capacity of the wire. 
The first column lists the number of turns in the coils—a very 
important factor in determining the number of ampere-turns that 
can be obtained and, therefore, in determining the effectiveness ol 
the coil in operating the relay. The second column lists the identify¬ 
ing marks that are stenciled on the side of these coils. 

The coils in either table are otherwise identical in appearance. 
Lacking these marks they could only be distinguished by measuring 
the resistance which is given in the third column. All of these coils 
also have the same physical dimensions as given in the sketches 
above the tabulation. In either table any coil will require about tin* 
same power as any other coil and will develop about the same 
ampere-turns, whereas, a coil at the top of the column will normally 
be used with low voltage and high current while a coil at the bottom 
ol the list will require the application of a high voltage and a very 
small current. 

All of the data given in Tables 20 and 21 on page 413 represent the 
inherent characteristics of the coils themselves, and are entirely 
independent of the characteristics of the relay in which these coils 
may be used. 

When use of a coil is limited to a single magnetic structure, it is 
possible to compile a great deal ol additional data concerning its 
operation. Table 19 on page 410 selects a few of the most popular 
coils lrom dable 20 and gives their operating characteristics when 
assembled in midget relays employing the #1 magnetic structure. 
Similarly, 1 able 18 on page 409 selects some of the most popular coils 
lrom Table 21 and gives their operating characteristics when as¬ 
sembled in #8 magnetic structures. In each case these tables of 
operating data give separate values for 60 cycle operation and for 
d-c operation. 

The part of the table applying to a-c operation gives the rated 
voltage in the left hand column. The next column gives the current 
value that flows when the rated voltage is applied and the relay 
armature has attained the closed position. During the brief period 
ot armature movement, the coil current is appreciably greater than 
the value given but this inrush current has little significance in the 
actual operation of the average relay. 
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In a normally operating relay the armature starts to close at 
practically the same instant the current starts to flow through the 
roil. During the 15 to 20 milliseconds required for the armature to 
dose, the rms value of the current would gradually change from 
I |, e maximum inrush value down to the armature closed value. 
The maximum current peaks that might flow would be determined 
I i V the instantaneous value of the voltage applied to the coil at the 
particular moment that the coil circuit was first energized. A further 
modifying influence on the peak current results from the fact that, 
while the armature is closing, the relay is in effect a motor, and the 
Mi niature, in closing, induces a back voltage in the coil which opposes 
I he current flow in the coil, and therefore further limits the maximum 
peak value that the current might otherwise have. 


TABLE 18 

COIL DATA FOR INDUSTRIAL RELAYS (STRUCTURE 8) 


60 Cycles AC 

Coil 

Mark 

14900- 

Direct Current 

(Approx. 
Turns #21) 

Volts 

Approx. 

Current 

Imped¬ 

ance 

Volts 

Current 

Ohms 

Resistance 

12 

1.33 

9 

20 

3.03 

3.19 

0.95 

340 

1 7 

1.13 

15 

21 

4.18 

2.32 

1.80 

450 

tfX bb BX 

1 f 

22 

0.815 

27 

22 

5.21 

1.86 

2.80 

650 

24 

0.632 

38 

23 

6.00 

1.62 

3.70 

725 

39 

0.494 

79 

24 

8.44 

1.36 

6.20 

900 

43 

0.422 

102 

25 

10 . 

0.980 

10.2 

1,175 

50 

0.340 

147 

26 

12 . 

0.800 

15. 

1,400 

70 

0.269 

260 

27 

15. 

0.577 

26. 

1,900 

bX /X bx 

85 

0.213 

400 

28 

18. 

0.450 

40. 

2,300 

108 

0.154 

700 

29 

24. 

0.387 

62. 

2,900 

120 

0.133 

900 

30 

27. 

0.284 

95. 

3,500 

a r— b*x 

145 

0.112 

1,300 

31 

32. 

0.237 

135. 

4,250 

208 

0.0770 

2,700 

32 

48. 

0.185 

260. 

bx 

6,000 

240 

0.0727 

3.300 

33 

55. 

0.151 

365. | 

6,700 

320 

0.0484 

6,600 

34 

75. 

0.111 

675. 

8,800 

370 

0.0420 

8,800 

35 

88 . 

0.0936 

940. 

10,900 

440 

0.0299 

14.700 

36 

115. 

0.0779 

1,475. 

13,500 

A /X bx /X bx 

550 

0.0250 

22,000 

37 

140. 

0.0616 

2,270. 

16,900 

^x r /"x /x 

720 

0.0200 

36,000 

38 

176. 

0.0490 

3,590. 

22,500 

/X /-X 




39 

230. 

0.0377 

6 , 100 . 

28,600 




40 

297. 

0.0297 

10 , 000 . 

34,000 




41 



16,000. 

45,000 




42 



23,400. 

55,000 


Note: These same coils are also used in structures Nos. 2, 20, 29,38, 49, 5, 54, 
55 , 56 , 84, 85, but with a different structure the electrical characteristics are difter- 

ont than those given in the tables. 


The third column in the a-c portion of Tables 18 and 19 gives the 
approximate impedance at 60 cycles. This value is obtained by 
dividing the current into the rated voltage, that is, by dividing the 
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TABLE 19 

COIL DATA FOR MIDGETS (STRUCTURE 1) 



Direct Current 


Current 


Ohms 

Resistance 


(Approx. 
Turns #20) 


22 . 

27. 

31. 

43. 

55. 

60. 

90. 

105. 

120 . 

150. 

185. 

230. 

310. 


0.272 

0.276 

0.191 

0.135 

0.110 

0.111 

0.0652 

0.0580 

0.0480 

0.0329 

0.0270 

0.0230 

0.0198 


1.43 

1.25 

0.938 

0.893 

0.632 

0.500 

0.420 

0.300 

0.208 

0.174 

0.166 

0.104 

0.0930 

0.0800 

0.0590 

0.0518 

0.0404 

0.0323 


0.20 

0.30 

0.47 

0.60 

1.20 

2.10 

3.20 

4.80 

5.60 

9.50 


19 . 

25. 

40. 

77. 

121 . 

145. 

308. 

430. 

625. 

1 , 100 . 

1,640. 

2,350. 

3,550. 


100 
125 
150 
175 
250 

350 

400 

475 

510 

645 

1,000 

1,100 

1.400 
2,050 
2,500 

2,600 

3,800 

4,700 

5.400 
7,000 

9.000 

10,500 

13,600 


wit N h°a d sTruclu'e the teoWoal ^ 31, 61. 58. but 

given in the table. ectrical characteristics are different than thoso 

r 1 ” «r 

reference to Tables 20 and 21 fnr tinguishing mark, to permit 
teristics of the cal mayb e reared physicaI char 4 

columnf rated C vo!Tage S and°ill *t eS I 8 ? nd 19 # ive in the firat 

IS equal to the rated voltage divided hv’th > aiK '° 1,1 tllIS caw 

coils may be found by referring fo on ten f’of ° f the several 

where the same coil 21 > - l>^ 413, 
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COIL COMPUTATIONS 


Interpolation and Extrapolation 


11 frequently occurs that very complete data are available on a 
ivrtain coil wound with one size of wire, and it is desirable to use 
il'is information to estimate corresponding data which would apply 
|n a similar coil wound with another size of wire. For a number of 


irihsons, data, secured in this way may be inexact, and where possible 
1 1 is advisable to base any such estimates on data applying to two 
different known coils. Furthermore, the answer will be more accurate 
•I die known coils arc wound with a wire size differing not too widely 
l mm the wire size of the proposed coil. The latter consideration is 
due to the fact that, as the wire size diminishes there is usually less 
copper and more insulating material in a coil having the same 
physical dimensions, but this effect is so small that it is ignored in 
‘lie following assumptions. 


The cross section of wire doubles every time the wire gauge is 
reduced 3 units. In other words, the cross section of a #24 wire is 
Uvice that of #27 wire. Therefore, one turn of the #27 wire will 
have twice the resistance of one turn of #24 wire. Since the #27 wire 
has 14 of the volume of #24 wire, there will be space for twice as 
many turns of #27 wire as there was for the #24. As we have twice 
as many turns ol wire, and as each turn has twice the resistance, 
l he resistance ol a coil wound with #27 wire will be four times that 
of the #24 wire coil. As a change of three wire gauges has made a 
I times change in the coil resistance, a change of one wire gauge 
should result in a change ol the cube root of 4, which is approximately 
1.59. A change of two wire sizes should make a change of approxi¬ 
mately 2.52 in the coil resistance. 


As has been previously stated, an increase in three numbers in a 
wire size will approximately double the number of turns in the coil. 
I herefore, an increase of one in the gauge number should provide 
1.26 times as many turns. An increase of 2 in the gauge number 
would be expected to increase the turns 1.59 times. 

lor d-c applications the power consumption can be determined 
directly when the resistance is known. The useful ampere-turns 
available for operating the relay can be determined by first finding 
the current by dividing the estimated resistance into the line voltage. 

I he quotient is the estimated current and when this is multiplied 
by the estimated number of turns, the resulting estimated ampere- 
turns is obtained. 


For some reason, very few manufacturers publish the number of 
ampere-turns required to operate their different relays, but this can 
usually be figured quite easily from the published data. For instance, 
in Table 18 on page 409 which is taken from Struthers-Dunn, Inc. 
General Catalog, a standard 115 volt d-c relay coil, mark 14900-36 
draws 0.0779 amperes, and this coil in accordance with data given in 
'Fable 21 has 13,500 turns. The resulting ampere-turns are obtained 
by multiplying these two values together, which gives us 1052 
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COIL COMPUTATIONS 


sfs^sss.-sss& * “ ti, '“ to ' > ' <• 

wi«. hi t*t COil must necesg anly be wound with very fi„„ 
dependability of a fine wdre'corTthTsq° nS *** tak ? n to assure t,H ' 

coils are wound with liner and fin~ e Y en t P ater dependability. An 
extremely fine wire such as a'l n f ® S eir C0S - lncre ases, and for 

possible. advisable to avoid the use of such coils where 

co^rhltfaS ff copper wire - 

It is desirable that the coil circuit have l C1 f ” t i° f re ®J. stance * Where 

°rth‘ ssr ;• ss: 

Z£XSSS&3S^ 

must 0 g r o1ho\ 0 h P e e relay 1 Used-KTV am0Unt of P°™t 

is connected in serW w tf it g A ° f whether - or not a resistor 

must be supplied in addition tn ti pouer ? 01n S ln to the resistoi 

and it is therefore advisable to omit'thfrSor"^^^ 

coil for operation on the full i c icsistor, and to wind the 

available to supply the extra amount required® ifyX ™?str P ° W '' 
UifitecTstates is 115 volts'60 cyc\es°and ^ drcuits ”> ^ 

be selected as a b^is for th“p U ta«on 5 V ° ltS ’ 6 ° Cyde Coi " 

is used 1 f otXhf'volt^liO"ctSes i01 Referh 't ^ ,r r mark 36 °' 38 Cl)il 
this coil has 5 400 turns of jqq w ; r > ' j , n S ? a ble 20 we find thal 

resistance of 625 ohms In the aad r that ]t . has .“aPProximato 

find that f1 series of relays in lllw Previously described, wo 

mately 432 ampere-turns for C0ll ‘ s used require approxi- 

as the ob0-38 coil which we have selected 1ms ^ 4 nn 
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INHERENT CHARACTERISTICS OF COIL SIZE 

TABLE 20 
Frame Number: 

1, 11, 13, 31, 51,58 


TABLE 21 
Frame Number: 


412 


Approx. Turns 

• — 

Mark 

360- 

Resistance 

Wire 

“1 — 1 f 

Approx. Turns 

Mark 

14900- 

»-/VX | U | u*t, UJ 

Resistance 

100 

-20 

0.20 

20 

340 

-20 

0.95 

125 

^B wm bx 

-21 

0.30 

21 

450 

-21 

1.80 

150 

-22 

0.47 

22 

650 

-22 

2.80 

175 

-23 

0.60 

23 

725 

-23 

3.70 

250 

MB A 

-24 

1.20 

24 

900 

-24 

6.20 

350 

-25 

2.10 

25 

1,175 

-25 

10.2 

400 

-26 

3.20 

26 

1,400 

-26 

15. 

475 

-27 

4.80 

27 

1,900 

-27 

26. 

510 

-28 

5.60 

28 

2,300 

-28 

40. 

645 

-29 

9.50 

29 

2,900 

-29 

62. 

1,000 

-30 

19. 

30 

3,500 

-30 

95. 

1,100 

-31 

25. 

31 

4,250 

-31 

135. 

1,400 

-32 

40. 

32 

6,000 

-32 

260. 

2,050 

-33 

77. 

33 

6,700 

-33 

365. 

2,500 

-34 

121 . 

34 

8,800 

-34 

675. 

2,600 

-35 

145. 

35 

10,900 

-35 

940. 

3,800 

-36 

308. 

36 

13,500 

-36 

1,475. 

4,700 

-37 

430. 

37 

16,900 

-37 

2,270. 

5,400 

-38 

625. 

38 

22,500 

-38 

3,590. 

7,000 

-39 

1 ,100. 

39 

28.600 

-39 

6 ,100. 

9,000 

-40 

1,640. 

40 

34,000 

-40 

10 ,000. 

10.500 

-41 

2,350. 

41 

45,000 

-41 

16,000. 

13,600 

-42 

3,550. 

42 

55,000 

-42 

23,400. 
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Where: 



NI = Required ampere-turns 
N = Number of turns 


For example, this will be 432 divided by 5400 or 0.08 amperes, 
or 80 milliamperes. If we desire to operate this coil with a series 
resistor on 115 volts d-c, the combination must pass 0.08 amperoH. 
The total resistance must, therefore, be determined by formula: 


Where: 



R = Total resistance 


E — Line voltage 
/ = Coil current 


The total resistance will equal 115 divided by 0.08 or approximately 
1438 ohms. The coil resistance is 625 ohms so this leaves the differ¬ 
ence of approximately 813 ohms in the external resistor. The value 
is not highly critical, and the unit will probably operate in a satis¬ 
factory manner with 700 or 1000 ohms. , 

If we select an easily available resistor that is considerably higher 
than the computed value, it is advisable to go back and to check 
the resulting ampere-turns to make sure they have not fallen more 
than 20 to 25% below the original assumed value. If, on the other 
hand for convenience we select a resistor that is considerably lower 
than the computed value, it is advisable to recheck the wattage 
input to the relay coil to make sure that we have not widely exceeded 
the normal value. 1 


There are many factors that point out the way we should go when 
it becomes necessary to depart from standard values. The coil 
ampere-turns, when derived in this suggested manner, afford ample 
power to operate a 3-pole relay. If we are immediately concerned 
with a relay having less than 3 poles, the required ampere-turns may 
be reduced accordingly. Normal power in the coils permits them to 
operate continuously under rather severe conditions without exces¬ 
sive temperature rise, and the wattage may be increased quite 
appreciably for applications where the relay need not be continu¬ 
ously energized. 


When, for any of the reasons previously outlined in connection 
with d-c coils, it becomes advisable to employ a resistor in series with 
a coil operating on alternating current, the necessary calculations are 
only slightly more complex. Each coil has a definite resistance to 
alternating currents that is equivalent to its resistance to direct 
currents. When mounted in its magnetic structure it also has a 
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COIL COMPUTATIONS 


certain reactance at any particular frequency that is determined by 
i lie characteristics of the coil, by the characteristics of the magnetic 
structure and, to a certain degree, by the amount of current flowing 
11 1 rough the coil. As this discussion will be limited to coils operating 
somewhere near their rated power, changes in reactance due to 
change in the magnitude of the current flowing through the coil will 

he ignored. 

The impedance of a coil may be found in catalog data such as 
Tables 18 or 19 on pages 409 and 410, or may be computed simply by 
dividing the holding current into the rated voltage in accordance 

with the following formula: 


Where: 



Z c = Coil impedance 
E c = Coil voltage 
I c = Coil current 


The resistance of the coil R c may be found from catalog data or may 
he measured with an ohmmeter or a Wheatstone bridge. Ihe re¬ 
actance of the coil may be found by the formula: 

x c = V Zc 2 - r7 


In some instances we are not directly interested in the value of X c 
hut in the value of X c 2 , in which case some labor can be saved by 
solving directly for X c 2 in accordance with the following formula: 

Xc" = Z c 2 - R c 2 


When an external resistor, R x , is operated in series with a coil, 
the total resistance in the circuit Rt becomes Rt = R c + 

In the usual problem we start with a specific coil which requires 
a specific amount of current, and this coil is to be operated in series 
with some unknown resistor, across some definite voltage higher 
Ilian that for which the coil is rated. In order to secure the proper 
current in the coil, the total impedance of the coil circuit Z t is 
determined by the following formula: 


Where: 



E t = Total voltage 


The total resistance required in the circuit is determined as follows: 

R t = V Z? - X c * 
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The desired value, equals R x = R t - R c . This will give tho 
required value in ohms. 

In some cases it is desirable to find the resulting ampere-tun in 

available when a given external resistor and a given coil are employed 

The reactance of the coil, X c , is found in the manner described. The 

total resistance R t is also found in the mariner described, and the 

total impedance of the combination Z t is found by the followinu 
formula: ■ 

= VX 2 + it? 







Fig. 290. Coil Vector Diagram 
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SLUGS OR SHADING COILS 


1 he current that will flow into the coil I c is then equal to 



jmd this current multiplied by the number of turns in the coil give 
the required NI. 

The several simple formulas given are all based on the simple 
geometric fact that the square of the hypotenuse of a right triangle 
is equal to the sum of the squares of the legs, or conversely, the 
square of one leg of a right triangle is equal to the difference between 
the square of the hypotenuse and the square of the other leg. 

I'ig. 290 shows the two triangles, wherein the smaller triangle 
illustrates the characteristics of the coil itself, and the larger triangle 
illustrates the characteristics of the coil with its series resistor. 


Slugs or Shading Coils 


The evils resulting from accidental short circuited turns have 
l>cen discussed on Page 405. Occasions arise, however, where a heavy 
short circuited winding is beneficial. When a heavy copper sleeve 

is employed 911 a d-c relay, the growth and decay of flux is delayed. 
1 his matter is discussed on Page 66 . 

In connection with a-c relays, such a sleeve surrounding the entire 
core would be of no value. It would convert practically the entire 
input power into heat. It would reduce the flux available to operate 
Hie armature, and would not contribute in any way to the satis¬ 
factory performance of the relay. If, however, such a sleeve or slug 
is used to surround merely a portion of the iron path at or very near 
I lie air gap, it greatly simplifies the task of building a quiet relay. 

In any part of the magnetic path, the flux starting from zero 
I muds up to a maximum in one direction and then falls to zero. It 
then reverses its direction and builds up to a maximum in the oppo¬ 
site direction and again returns to zero. This is one cycle, and the 
cycle is usually repeated 60 times per second. The flux is said to 
vary in a sine wave. At the air gap, regardless of the direction of 
the nux, there is a pull on the armature. The force on the armature 
is in the same direction regardless of the direction of the flux. It 
leaches a maximum every time the flux is a maximum in either 
direction, and it falls to zero when the flux becomes zero. In other 
words, there would be no pull on the armature at two instants during 
each cycle, and if the coil is energized on 60 cycle current, the 
armature would open slightly 120 times each second due to the action 
of the retractile spring, and this would give rise to a very audible hum. 

If the flux path is split at the air gap, and one portion of the flux 
is made to flow through a slug or sleeve, then the portion flowing 
i n rough the slug will be delayed. When this delayed flux is taken 
10 m the total flux, it will be found that the remainder of the flux is 
advanced. In an actual unit some of the flux goes through the slug 
and some of it bypasses the slug. Each portion of the divided flux in 
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turn will vary in accordance with a sine wave. Each portion of Hid 
flux will pull on the armature when it is going through eithc a 

armature when it is going through zero. P 11 


N 0t 

\ 


0 S 


0r 


Fig. 291. Variations in the Total Flux, Delayed or Slugged Flux, and 

the Remainder or Unslugged Flux 


wlrnn the fa th™at the flux through one path has been delayed, 

Sfflgar i ft & sasSf 

the component T/fluxt.^TftoTat 

the armature is also plotted. At every instant, F t equals fT +J 

relics' 2 “A” S ^hn S & r ® lay w® constructi on that is used in many 

a a complete core head with the slug, whereas in 

c remainder of the sketches the slug has been cut away and arrows 
are shown which in magnitude and direction are equfvafent To the 

cTle shTTTfn f AT C h itj dUriUg the first portion of the 

a condition exists where the direct fiu| is zerof the totfi Z 
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SLUGS OR SHADING COILS 


' r ar l d , th f flux th r ou Sh .the slug 0 S are equal to each other and 
|!' ,?C 9 qq downward - dhls condition is shown physically in “b” of 

I* I(5* ^ Jo. 



I ig. 292. Force Attracting the Armature Due to Slugged Flux, Unslugged 

Flux, and the Sum of These or the Total Force 


A moment later, as shown in Fig. 291, the total flux <j> t passes 

through zero. T he two components of this flux 0 S and 0 r are equal 

in magnitude and opposite in direction. 0 S is still directed downward 

:md <t> r has increased upward. This condition is shown in “c” of 
I* 293. 

Referring again to Fig 291 and another moment later in time d>, 
crosses the zero axis and at this instant <t> r is positive and 0 , is also 
positive and equal to 0 r Due to the fact that the particular design 
of the core illustrated splits 0 r in two equal parts, the sum of these 
two parts is equal to the total 0 r indicated by Fig. 291. These 
several fluxes are indicated by arrows in Fig. 293. 



0 r 

2 


0r 

2 




0 $ 



Fig. 293. Spacial Arrangement of Flux Attracting the Armature 

in A-C Relay 
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Again referring to Fig. 291, when total flux <t> T approaches u 
maximum value upward, < 1 >r is also upward but decreasing, and 0 * 
is upward and increasing. This condition is illustrated by means of 
arrows in Fig. 293. ■ 


Contact Operating Cams 

Motor driven timer units usually employ some type of rotating cum 

to operate their contacts. These cams and their associated contact 

assume a variety of forms, several of which are illustrated in 
Fig. 294. , 

Before selecting a particular type of cam the nature of the applies 
tion must be considered. If the timing is brief so that the cam rotate * 
rapidly, the contact will move so fast that there is little opportunity 
for it to chatter appreciably during its comparatively rapid opening 
and closing. On the other hand, if the cam must rotate slowly, pre 
cautions must be taken to avoid any possibility that the contacts will, 
in turn, move so slowly as to make an uncertain contact for any 
appreciable length of time. 

Sketch 1 in Fig. 294 illustrates the method of building a cam 
in two separate halves which may be rotated with respect to each 
other so as to permit adjustment of the percentage of the circum¬ 
ference that is depressed. Various methods of locking the cam-halvcH 
in the desired relation to each other are used. One half may he 
permanently staked to a threaded bushing and the relative position 
of the other half may be secured by means of a jam nut. In other 
cases, where a step by step adjustment is required, one of the cams 
may have a number of depressions in its side and spring fingers may 
be provided to snap into these depressions, thus permitting easy 
adjustment. These snap adjustments are frequently employed in 
connection with stepping or sequence relays where the cam rotates 
intermittently. 

In Sketch 2, a cam and contact combination is indicated in which 
the cam lobe is so formed that the cam will have no difficulty in 
raising the contact from position A to position B. This form results 
in satisfactory operation if the cam rotates rather rapidly, but gives 
very slow operation of the contact if the cam speed is very slow. 

Sketch 3 shows the cam with its shape slightly modified so that 
the moving contact will drop very rapidty from B to A regardless of 
how slowly the cam rotates. With this simple arrangement there is 
no cam shape that will cause the contact to transfer rapidly from 
position A to position B. In connection with a-c loads that are easy 
to interrupt but which frequently involve a hard-to-make inrush 
current, it might be entirely feasible to use contact A, which closes 
rapidly and opens slowly. Conversely, for controlling a d-c load that, 
in general, is made without an inrush current but which may cause 
arcing if slowly interrupted, it would be desirable to employ contact 
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Fig. 294. Various Cam Operated Contact Arrangements 


B. Although the cam as shown will close contact B approximately 
two and one-half times as long as contact A, this ratio of closed time 
may be varied as desired by changing the shape of the cam. 

Sketch 4 shows a somewhat different arrangement used in certain 
types of recycling timers. Here it is customary to drive the shaft 
slowly in one direction by means of a motor. A magnetic clutch is 
interposed between the motor and the cam and when recycling of the 
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CONTACT OPERATING CAMS 

In the position shown in Sketch 7 the external circuit is closed 
through the contact operated by cam B. When these cams, which 
are usually mounted on the same shaft, rotate slowly, in the direction 
shown by the arrows, cam B drops its contact thus breaking the 
circuit. With the cams adjusted as shown, about 90° more rotation 
will cause the making cam M to drop its contact closed thereby 
i(‘closing the circuit since the contacts operated by the two cams are 
shown connected in parallel. For the rest of the rotation of the 
cams, M will carry the circuit for a while and B will slowly close to 
parallel M. Sometime thereafter M will slowly open, permitting 
U to carry the current of the circuit. Eventually the cams will 
I lien come around to the position indicated, from which point the 
operation will be repeated as described. 

When a contact is dropped off of a cam shoulder in order to func¬ 
tion, a little wear on the cams will, in general, make little difference 
in the timing of the device. However, when the cam follower must 
slowly ascend and descend inclined portions of the cam face, a little 
wear may make an appreciable difference in the timing of the device. 

Where timing is accomplished by means of cams having sloping 
faces and where the timing must be quite accurate, it is desirable 
to reduce the cam follower pressure to a very low value in order to 
minimize wear. There are now on the market several excellent 
sensitive switches- which provide their own snap action and which 
will operate with a very low pressure on the cam. Such an arrange¬ 
ment is shown in Sketch 8, where an adjustable cam is shown operat¬ 
ing a sensitive switch in an obvious manner. 

The several schemes just described are employed in the motor- 
driven, cam-operated timers described in Chapter 4. 
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Springs 

A number of different springs are employed on different relavs 
Springs are used in most designs to provide contact pressure ami 
to permit sufficient flexibility of the contact carrying parts to assure 

Still other springs are used to eliminate back lash. Such sprint arc 

a^nktn^tharm^f^ TvTT ° r leSS oom P lica ted relays mvolving 

siraDie lost motion. I he principal spring on most relavs is the 
retractile spring which operates against the magnetic pull to return 
the armature to the open position when the coil is deenergised 

In order to gain a proper understanding of spring operation it 

describing their properties. The fundamental law regarding spring 
operation is Hooke s Law which states, “When a force is applied to 

to S the 8 causing 1110 deflect, the amount of deflection is proportion'd 

pressure and deflection are sufficiently great to cause P the soring to 
take a permanent set, or in other words, this law fails when the spring 

m a relay, the stress is proportional to the strain USUd 

„„JT]'™' ts . to wh l ch a spring may be deformed in a practical relay 

applications of the stress cycle. The drift limit is the maximum 
stress for which continued constant load results in ultimate deflection 
no more than 1% greater than that of initial deflection aeHeCtl<>n 

of oTrelavIT be exc ® eded if characteristics . 

~ -as 

I he following table lists approximate figures for comnarisnn 

purposes only, on five different materials selected from the manv 
niatenals that are used for making springs. ^ 


TABLE 22 


AVERAGE PROPERTI 


Material 

Elastic 

Limit 

Ibs./sq.in. 

Proportional 

Limit 

Ibs./sq.in. 

Spring Steel 

C =0.7-0.8% 

Mn =0.3-0.5% 

165,000 

70,000 

Clock Brass 

Cu. =62.5% 

Zn =36% 

Pb. =1.5% 

31,000 

30,000 

Phosphor Bronze 
92% Cu. 8% Sn. 

55,000 

55,000 

Beryllium Copper 
97.8% Cu. 

2.2% Be. 

135,000 

70,000 

Nickel Silver 
(German) 

Cu. 55% Zn. 27% 
Ni. 18% 

60,000 

45,000 


ES OF SPRING MATERIALS 


Fatigue 

Limit 

Ibs./sq.in. 

Drift Limit 
20° C. 
Ibs./sq.in. 

Rockwell 

Hardness 

Conductivit 
% Copper 

70,000 

35,000 

40C 

3-5 

15,000 

10,000 

80 B 

25-30 

24,000 

18,000 

99B 

12-15 

40,000 

35,000- 

50,000 

41C 

25-35 

22,000 

25,000 

98B 

5-6 


(Courtesy of Beryllium Corp. of Penna.) 


Springs are used in a variety of different forms, but the same 
general laws apply regardless ol the form. Helical springs are used 
both in tension and in compression. A modified form of helical 
spring may be wound in conical form. This spring is particularly 
desirable for certain compression spring applications, due to the 
I act that when compressed it may be formed into a flat spiral and 
therefore occupy a minimum space. All of these are shown in Fig. 
295. Other springs are in a spiral form and these are usually em¬ 
ployed to provide a torque about their axis. Certain relay applica¬ 
tions require the use of a comparatively broad “C” shaped spring. 

I his type of spring may be used in applications where it is stressed 
either to open or to close. Some specially shaped springs are some¬ 
what difficult to classify. Typical springs of this sort are so-called 
“hair-pin” springs. 

Occasionally the function of a spring is taken over by structural 
parts of the relay which are not obviously springs. Whether or not 
a relay component is primarily designed as a spring, if it serves as a 
spring, the same law is applied, and Hooke’s Law together with the 
various limits must be considered in the design of the part. 

In the design of a spring, sharp corners that will localize stress 
are to be studiously avoided. Care also must be taken to guard 
against any concentration of stress at any points where there is an 
irregularity in the outline of a flat spring, or at any point where 
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holes may have been punched in the spring. Where such holes of 

out me irregularities cannot be avoided, it is common practice to 

back up a flat spring with a carefully formed rigid member that will 

limit or eliminate stress in the spring at the points which have boon 

weakened due to the shape of the spring. Where the spring is calleil 

upon to carry any current, similar steps must be taken to eliminate 

any excessive current density at the point where the cross section 
ot the spring is reduced. 

Fortunately, most spring materials are rather good heat conductor*, 
Consequently, if an excessive amount of heat is developed in a spring 
at a point where the cross section is reduced, this heat will tend to 
How along the spring to cooler portions where it will be radiated into 
the air. id at current-carrying springs are usually very well shaped 
to dissipate heat into the air, and in some relay designs, they un¬ 
called upon to radiate heat that is generated in nearby conductor 
?? weUa8 the heat resulting from the flow of current in the spring 
itself. Depending on the nature of the spring material, the ultimate 
temperature that can occur in a spring must be limited to a value 
which will not detract from the proper operation of the spring. 

Most all types of springs, particularly those made of beryllium 
copper have characteristics that depend largely upon the history .,! 
the particular piece involved. Some materials owe their hardness to 
cold working, whereas other types such as steel and beryllium copper 
become hard when heated or when quenched from a heated condition. 
7 hen the material is in its proper state, embodying the corrcr! 
characteristics, extreme care must be taken to see that these charac¬ 
teristics are maintained. In many cases additional forming or even 
electroplating will change the characteristics of the material Bervl 
hum copper for instance should be heat treated after the forming 
and electroplating operations have been completed. 1 


1 he useful life of a spring is largely determined by its service 

record, and if in service the material has never been called upon to 

withstand a stress greater than any of the several limits specified in 

1 able 22, the life of the spring should exceed the life of the asso¬ 
ciated equipment. 


Upon occasion it is advisable to adjust a spring. This is done by 

bending it beyond its elastic limit so that it takes a permanent set 

in its new form When a spring is adjusted in this manner, there is 

always a possibil ity that certain strains will be set up in the sprini: 

material that will release gradually over an extended period of time 

when the deforming iorce is removed. Such an adjustment therefore 

is liable to prove unsatisfactory if the exact condition of the spring 

is critical Several days after the adjustment has been made it in 

advisable to check on its condition to make sure that the spring is 
retaining its new shape. p 6 

In this connection, almost all springs are fairly simple to alter 
except cylindrical springs. For instance, the cylindrical compression 
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spring shown in Fig. 295, if compressed until the successive turns 

I ouch each other, will not be stressed beyond its elastic limits 
mid therefore will take no permanent set. Conversely, if it is desired 

10 strengthen the tension spring shown in Fig. 295, it likewise 
may be compressed until the several turns touch each other without 
causing enough deflection to exceed the elastic limit of the spring 
material. However, if these springs are rolled so that a diagonal 
pressure, as indicated by the arrows on Fig. 296 is applied to them, 

II is possible to collapse these springs, thereby weakening a com¬ 
pression spring or strengthening a tension spring. 

Fig. 295 illustrates three different types of coil springs often 
employed in relays. On the left is a cylindrical tension spring. It is 
invariably provided with a hook on each end, and its function is to 
urge the two members to which it is hooked to move toward each 
of her. Upon occasion, it may be desirable to weaken such a spring 
and this may be done by pulling on the ends in the direction indicated 
by the arrows, so that it is stretched slightly beyond its elastic limit. 
\\ hen released, it will be somewhat elongated as shown in the second 
sketch. Such a spring should never be installed so that its several 
l urns touch each other and it should always be under some tension. 

11 a spring has become over-extended, so that adjacent turns are 
considerably separated, it may be permanently compressed or 
strengthened by squeezing it together. An axial pressure will seldom 
suffice for this purpose, as it will not compress the spring sufficiently 
lo exceed the elastic limit. If, however, the spring is simultaneously 
compressed and distorted laterally with rotary motion as shown in 
Fig. 296, it is possible to close up the turns appreciably. 






Fig. 295. Tension, Conical and Compression Springs 



Referring again to Fig. 295, in the center is shown a coil spring 
with a conical form. Such springs are frequently employed as 
compression springs. When used for this purpose they have the 
M<1 vantage of occupying a minimum amount, of space, since they may 
be compressed until they are deformed into a spiral in one plane. 
As compression springs they may be strengthened by stretching 
beyond their elastic limit, or may be weakened by using a pencil or 
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some similarly shaped device and forcing the small turns down 

through the large turns, thus in effect turning them “wrong sWe ouT" 
as shown in the fourth sketch. g oul 

, I I 1 . „ . compression spring is shown on the riglil 

A s P nn g this type may be strengthened by stretchiruz 

hi wotv adj ri Cent .i tl ^ nS . are W 1 u dely s °P arated when released, it may 
the manner illustrated in Fig. 296. y g ,n 



Fig. 296. Shortening a Cylindrical Spring 


hafh P e eo a s ?fii n L r !i Ca; l Spring ° f either the tcnsion or compression type 
order to reduce it again to the proper length. A spring that £ 
ite 8 ori^l lt \ ° rigl + na - r ngth b 7 bcmg shorten « d ^ this manner loses 

hnfp t V° f SUCh a Sp 7 ng ev - ery effort should be nrnde to employ the 

the spring'to iS^gS Sff ** ** which wil1 


q5h ? p n ^ T - refernng to Hooke's Law, it is obvious that it is pos¬ 
application demands. For instance, let us assuml that a tension 

extended is 1K" long, and when contracted as far as 

of the spring is 1 , it will exert no tension when it is in the relaxed 
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position, whereas it will exert a certain definite pull when extended 
to 1 M". The amount of this pull will depend on the stiffness of the 
spring. The extended pull in this case is infinitely greater than the 
relaxed pull which was zero. 

In this same application, we could also use a spring with a free 
length of y 2 ". When extended to 1 " it would exert a definite pull 
depending on its stiffness, and when stretched 50% more to 134 " 
iI would merely pull 50% more than it did when it was extended to 
I" instead of the infinite increase that had been encountered with 
die previous spring. Although a cylindrical tension spring was used 
for this example, the same principle applies to any spring operating 
within its proportional limit. 


Spring Forces on an Armature 

The movement of a relay armature results from the forces applied 
to it. These forces are caused by springs and by the magnetic pull 
when the coil is energized. Neither the spring forces nor the magnetic 
forces are constant throughout the travel of the armature. The 
forces vary throughout the travel and, with most types of construc¬ 
tion, these several forces tend to become greater as the armature 
approaches its closed position. 

Some of these forces are additive, so that the total force acting on 
the armature may be the sum of two or more such forces, whereas in 
other cases the forces operate in opposite directions and, therefore, 
the net force tending to operate the armature is the difference of the 
opposing components. 

Since any force acting on a movable body tends to accelerate it, 
the armature will transfer from one limiting position to the other in 
less time if the resultant force is at a maximum when the movement 
starts so that the moving armature will have accelerated and will be 
traveling at high velocity during the majority of its motion. 

Where a hinged armature is used, as in a clapper type of magnetic 
structure, opposing forces may be defined as those tending to rotate 
the armature in opposite directions around its axis, even though these 
forces may be operating in the same direction on opposite sides of the 
armature fulcrum. 

Fig. 297 shows the manner in which these several forces vary 
in the case of an ordinary clapper type relay. The retractile spring 
exerts a force tending to open the relay armature. This force increases 
at a constant rate as the armature closes and decreases at a constant 
rate as the armature opens. When the armature is wide open this 
force, due to the retractile springs, is at a minimum since the spring 
is nearly relaxed. When the armature is closed the retractile spring is 
fully extended (in the case of a tension spring) and is therefore at this 
point exerting its maximum force. 
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Fig. 297. Forces Acting on Relay Armature 


moving contacts have swSng far enough to close thf’- en t il e,e 
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to the coil is represented by the curve H, J. If there is to be no chance 
whatever of the armature stalling in a half closed position when the 
roil is energized, all points in curve H, J should lie above the cor¬ 
responding points in the line G, F, E, C. 

For instance, if an effort is made to secure abnormally heavy 
contact pressure by strengthening the contact springs, it is possible 
that the portion of the curve E, C will be raised to the position of the 
dotted line A, D. Proper operation of a relay having this adjustment 
would result ordinarily as the momentum acquired by the armature, 
when operated from H to A, would be sufficient to carry it from A to 
b, where the opposing spring force actually exceeds the force of the 
roil. With this relay so adjusted, however, if there should be any 
slight interruption in the coil circuit while the armature was closing 
Irom H to A so that the armature had not acquired its normal 
momentum by the time it reached point A, the moving structure 
might stall at this point. Consequently, the armature would never 
fully seat, with the result that the contacts would not close with full 
normal pressure and it would be possible, in the case of a multipole 
relay, that some of the contacts might close whereas others would 
remain open. 

When the coil is deenergized, reducing the magnetic pull to sub¬ 
stantially zero at all points, then the armature is opened due to the 
various spring pressures which are represented by the line C, E, F, G. 
It will be noted that these start at a large value so as to rapidly 
accelerate the armature in opening. After the armature has obtained 
appreciable speed these forces dwindle away to a value merely 
sufficient to retain the armature in an open position. 

It will be further noted from these curves that the main function 
of the retractile spring is to hold the armature open once it has been 
thrown open by the contact springs. The major opening force and the 
major accelerating force results from the action of the contact spring 
rather than the retractile spring. 
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Terminals 

«. tefaa** ssiie- *» i»™* 

up on the method of wiring emp^dTrfthetnXCion ^ <lePC ’ ,,, 
wh^hHare^considered^^taiKiard^for e / np ^?^' b -din g post terminals 

t ih r ■«,r s',- 

.«h “ib™ Me if.KfiKJ f™ hm i! - 

such a cup washer will reduce the no^ihilfr^f J tJ ? e connections 
accidental short circuits Possibility of stray strands causing 

caltedTsTot^ed^r's'h"nXaXXXT* 1 Vi a k Special 

employing such terminals isThow" in Fig^log^ fe ifi A r ?>^ 

integral part o the eky a™d a washerT "d hrCa<J ^ fi ^ as a '< 
clamp the external connections ^ SCrew 18 then U8 «l to 

■4o k „"s:„“i„Vn^ h K t*« 

3 !:^^ 

in relays employing glass covers. Y a fquenty encountered 
Such studs come out the back of the relay base Th™ * „ 

is placed on the front ofX nanol whh th ? i he Studs ' The «Uw 
the panel and the relay is held in place by means nf Xte,1 u mg th !* ou «” 

b “ k '»»'■ An example «5t3K ftRft* ft 

dr “ '„t ” no “ lh ,r ^ "„ c oS“ 

regardless ofWheE She Says tetoL ™ gt \° Studs is use<l 
insulating panel, and the sleeves are merelyTdded to°the Xd °i 
swtchboard mounting relay when such Llmlarit .s mimmd for 
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mounting on metal panels the studs do not hold the relay in place, 
and separate holding down holes are provided on the relay for support. 

A somewhat different arrangement known as eyelet terminals gives 
results that are equivalent to those obtained with switchboard 
mounting terminals. In this case however, the studs are not supplied 
by the relay manufacturer. The relay is provided with eye type 
terminals. The panel on which the relay is to be mounted is equipped 
with studs extending both to the front and to the rear. These studs 
must be accurately located in accordance with templates supplied by 
I be relay manufacturer. All of the wiring on the panel can be com¬ 
pleted before the relays are mounted. 

This arrangement has several advantages. The work of wiring 
can be accomplished while the relays are on order. The wiring can 
be done with the panel lying flat on its face without running any risk 
of damaging the relays. After all wiring is completed and the panel 
is erected and mounted in its final position the relays may then be 
placed over the studs provided for them thus completing the assembly. 

Ordinarily there is no extra charge for relays with eyelet terminals 
such as usually apply to other types of special terminal facilities. 

For certain types of applications it is very convenient to be able 
lo replace a relay at a moment’s notice without interrupting service 
for more than a few seconds. For such applications, plug and jack 
mounting or reverse jack mounting is very desirable. 

In some cases it is possible to arrange the circuit so that any one 
of two or more types of relays may be accommodated by the same 
plug facilities, and the selection of a different relay will change the 
performance of the circuit. This is a practice sometimes encountered 
in traffic controls wherein the control units for two different types of 
intersections will be identical except for the fact that the two con¬ 
trollers will have different types of relays plugged into their jacks. 

Another type of application where these mountings are desirable 
is encountered where a heavy duty relay must perform many more 
millions of operations than can be expected without overhauling, and 
where shutdowns for overhauling are not permissible. In such cases 
a small stock of spare relays will permit any of the service units to 
be replaced at a moment’s notice either to replace relays that have 
failed or to provide periodic maintenance before failure occurs. 

In the standard plug and jack mounting, the plugs form an integral 
part of the relays, and these plugs are inserted into fixed jacks or 
sockets that are permanently wired into the circuit. In reverse jack 
mounting, the jacks or sockets are an integral part of the relay and 
the plugs are permanently mounted on the panel and are permanently 
wired into the circuit. In some cases, eyelet mounting relays as 
previously described can be employed in connection with fixed plugs 
in order to secure reverse jack mounting. In such cases reverse 
jack mounting has a slight cost advantage over plug-and-jack 
mounting, but in general, the two systems are identical in per¬ 
formance. 
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Where covers are furnished with relays, the relay manufaJ 

a ,^ 1 ^ 1I P es fi n ds some difficulty in providing terminal facilitim 
without losung some of the protection to be expected from the das« 

vering. The relays are under the cover and the terminals must in 
some manner be brought to the outside. Where either switchbo > • 

trough a i_ i >. _ are provided, connections°nn! 

macte through the plastic or other base material without difficulty. 

When front connected binding posts are reauired it io nanail** 
nec^sary to cut channels in the back of the base material to acco.m 

by the glass cover. outside of the area covered 

encountered "lathis f brin f in S ? u * ?“ ch terminals is sometimes 
encountered. In this case, a hole is drilled through the base under 

SCtt va S 

must 1 b: g pi a edt y t°h n e 

leads or to empTo/'coded^nsuEo^them 88 ^ t0 e ' ther kbel a “ 

«sr &2*2>sSisi 

enclosed in a tight metal shell and the leads are brought out through 
small glass seals. Such seals consist of a small washer-shaped m"ce 
of glass which is sealed to the lead passing through its center and 
which is sealed to the metal enclosure around its periphery. ’ 

• J n P as ^ solder type terminals have been unpopular for use in 
industrial applications. Such terminals are used without exception 

in most work involving electronics, and the wiring^ techn^per" 

fected in this field is rapidly spreading to other fields. ^ P 
Particularly where large numbers of identical assemblies have to 

“harnesses ” Such j 1 1 

\ji i*u prefab , llca ;ted cables, as used in production work 

in i,,?.I a rc l U t m ° St •? f i t , he U £ hter types of relays likely to be used 
such woik are available with solder terminals. 

Where any of the circuits in a relay must be connected to verv 

nn U nhf fV n 10 frec l uen( *y circuits, corona losses mustfbe held to 
> S ? Ute jr nm l 1 i nU u 1 ^ i and for such applications all portions of the 

be carefuUv mundpd h !f h voltage . a,ld Particularly the terminals must 
oe careluhy rounded since any sharp corners encourage corona 
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Hinge Construction 

An important component of the clapper type relay is the hinge on 
which the armature pivots. This hinge, in most types of construction, 
must afford a low reluctance path for the magnetic flux. It must 
support an appreciable weight and must be capable of resisting, 
without deformation, large numbers of shock impacts. Since most 
relays arc expected to operate a minimum of one million operations, 
it, is obvious that the hinge must retain its original characteristics 
throughout a long life. 

When used in a relay operated on alternating current, the hinge 
must also be constructed so that it will not vibrate in an undesirable 
manner due to the pulsating forces to which it is subjected. Any 
hum that may result from faulty hinge construction or adjustment 
is not only undesirable in itself, but usually indicates a vibrating 
condition which will cause wear and shorten the life of the device. 

Several different types of hinge construction are shown in Fig. 
298. Each of these forms is capable of many modifications, but 
each of the several forms shown is typical of its kind. In sketch A an 
arrangement is shown wherein the actual bearing surface consists of 
two cone-pointed screws that are adjustable in position and which 
may be locked in place by means of lock nuts. This form of construc¬ 
tion is suitable for alternating current service, as the screws may be 
adjusted to very close tolerances, thus reducing some difficulties. 
The overlapping sections of the armature and frame provide a low 
reluctance flux path. 

Sketch B depicts a “pin hinge” construction. In the best forms of 
this construction as indicated, the pin is a drive fit in one member 
so that all rotation will occur in inserted bushings in the other 
member. In general, this form of hinge is not particularly desirable 
for alternating-current service since, unless all fits are perfect, it is 
very difficult to eliminate hum. 

Sketch C in Fig. 298 indicates a “ball bearing” hinge construction 
that is occasionally encountered. It is rather difficult to afford 
a low reluctance flux path through a hinge of this type and it is 
undesirable to have any large amount of flux flowing through a 
ball bearing since stray flux would tend to attract iron filings that 
would interfere with the proper operation of the balls. Consequently, 
this construction is shown with an elongated armature which provides 
two working air gaps in series so that no flux need be carried by the 

hinge. 

Sketch D shows one form of the most popular arrangement that is 
ordinarily called a “knife edge” hinge. This form is usually very 
satisfactory if certain precautions are taken in its design. The 
armature should actually rest on two widely spaced points so that it 
will have transverse stability. Also, the hinge should be designed 
so that the armature rocks on a more or less sharp knife edge with a 
minimum of dragging over parts of the hinge or retainer. With this 
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Anti-freeze Pin Location 

It is common practice to employ a small brass plug in the armature 
of a-c operated relays, as an anti-freeze pin, to prevent the armature 
from sticking closed due to residual magnetism when the coil is 
deenergized. The location of the anti-freeze pin is of great importance 
if a tendency of the relay to hum is to be avoided. 



Fig. 300. Anti-freexe Pin Location, Armature Force Distribution Diagram 


Fig. 300 illustrates a common arrangement of parts in the mag¬ 
netic structure. The side view, shown in A, gives the relative 
location of the core, frame, hinge, armature and anti-freeze pin. The 
front view, shown in B, illustrates the location of the several forces 
acting on the armature when it is in the closed, or operated, position. 

The armature is supported at three points. Two ol these points at 
the bottom of the drawing represent the hinge or fulcrum. The 
upper point of support is at the anti-freeze pin. These three points 
form a triangle, and it is essential that the center ol attraction lie 
within the boundaries of this triangle in order that there shall be no 
tendency for the armature to rock due to the rapidly varying mag¬ 
nitude of the attracting magnetic force. 

When, for any reason, the center of attraction lies outside of the 
boundaries of the triangle, the armature will tend to raise away 
from the most remote supporting point every time the magnitude of 
the attracting force reaches a maximum, and a very severe hum will 
almost invariably result. 
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Eddy Currents 


Any time that changing magnetic flux flows through an electric*! 
conductor, currents are generated within the body oHhe conduct* 

flow h In an rmoronerl 08 d ^ Cl T ge111 the fl ux that caused them £ 
o7the b des[gm en ° Ugh t0 interfer * seri ^sly with the proper operation 

«mTl| eS ® unwa P t ? d currents can be reduced greatly by introdueinJ 

greatly increffse tVin + magne f tl ? flux so that the air gaps will no| 
greatly increase the reluctance of the magnetic circuit. 
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Fig. 301. Eddy Current Paths 



In Fig. 301 


be the „f’„ I Vi here ‘A shown a round cross section that migh! 
r , t ™ th a i < ay - + SOme lnstant > ed<| y currents might flow 

™°' vn t b y tb , e ci r cle wi .th arrowheads. These arrowheads^how tin' 

The losses in the core, due to the heating effects of this current may 
ayer r age e cu?re e nt aS th ® crosshatched arua wit hm the circle of the 


o n ! a !, pe slot 1S cut in one side of the core, as indicated in Fig. 
d?c«tpH h average current now follows a new path as is again in- 

s in his skp e t n h S - 0f d ?rr ? WS ;u nd the reduced area of the crosihatch 
g m this sketch indicates the greatly reduced eddy current losse; 


hotv™? h f S S an ld f a °- f the ma S nitu de of the losses that might 

b< expected with an unlaminated square core. When this same core 

m - mated Vi aS sh( ^ n lr l sketch D, the mean path of the eddy cur- 

u an i l he J ! OSS ? s ’ as W indicated by the 


i i i i ^ iuoocs, as again indicated hv th#» 

crosshatched area, have been reduced materially. Although this 

ex . treme ] 1 y coarse laminations, the effect can be greatly 
increased bv using a laro-pr num Kar rvf 1 ^ — 1 i • _ . m .. ^ f 


u • -v * 7 ^ ^ wie enect can oe srreatlv 

increased by using a larger number of thinner laminations until the 

losses, due to eddy currents, may be practically eliminated 
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Contact Materials 

A wide variety of different metals, either substantially pure or in 
nlloys or in sintered non-homogeneous combinations, are employed 
mm contact materials. Even non-metallics such as carbon or graphite, 
iilone or in combination with finely powdered metals, are also 
employed. The selection of the best material for a particular appli¬ 
cation is usually best left to experts whose technical knowledge is 
Miipplemented by a great deal of experience. 

The most important material is fine silver. Silver melts and, 
therefore, welds at 959° C, which is quite low. It is, however, an 
excellent conductor and its oxide is also a conductor. Therefore, in 
l he absence of arcing, it operates cooler than other materials and 
>erforms excellently in a wide variety of applications in spite of its 
ow melting point. 

The softness of silver is both an advantage and a disadvantage. 
Where contacts close with a combination of heavy pressure and 
mc rubbing action and must operate for many, many millions ot 
operations, fine silver (99%+) may show excessive wear. Con¬ 
versely, however, when two fine silver contacts are forced together 
I he initial point of contact is crushed into an appreciable area and 
I he current density is far lower and the heating is far less than is 
l he case when a harder material is used, particularly when the harder 
material has higher resistivity. These factors are the outstanding 
ones that make silver so deservedly popular as a contact material. 

Some years ago the noble metals of the platinum group, which 
includes palladium, were widely used, particularly in hermetically 
Healed relays. Their use in sealed relays is at the moment discouraged 
ms it is believed that, in the presence of an arc, they act as catalysts 
and produce traces of acids, which in turn cause faulty contact 

operation. 

Tungsten cither alone or in combinations, is widely used due to 
its extremely high melting point. It usually requires very heavy 
pressure for successful application. Several metallic oxides are widely 
used in combinations. Iron oxide (jeweler’s rouge) may be incor¬ 
porated, merely as a polishing agent to remove non-conducting films 
from the contacting surfaces. Cadmium oxide combines this 1 unction 
with a certain amount of conductivity. 

Two contact materials having the same analysis may behave quite 
differently in service. A tungsten sponge impregnated with silver 
will show little wear but its resistance will increase in service as the 
silver is burned away. If, however, the tungsten is in the form of 
microscopic particles distributed throughout the silver body, the 
contact will wear away more rapidly but its resistance will remain 
low as the tungsten particles slough off as the silver wears away. 

Where severe wiping action is encountered there has been little 
improvement in many years on Western Electric Alloy #1. This 
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alloy is mostly gold with platinum and silver added. It provide* 
low contact resistance with light pressure. It is almost immune to 
both scuffing and the formation of high resistance tarnish films. 

Carbon and graphite have comparatively high resistance but they 
are immune to welding. Some formulations are quite soft and wear 
rather rapidly. Large long continued currents can cause considerabk 
heating, but for applications involving light, steady currents with 
occasional heavy current transients, they are excellent. Powdered 
metals, such as silver or copper, can be added to them to increase 
the steady current carrying capacity, with an accompanying decrease 
in high transient current handling ability. | 

Mercury cups were employed on some of the earliest relays and 
many more modern relays employ mercury in various ways. Eitliei 
pure mercury, or an amalgam, may be used to wet the contacts of 
a relay. In other types, displacement of the mercury by an armature, 
or tilting of the mercury tube by mechanical linkage to an armature, 
may accomplish the making and breaking of circuits. An arc main¬ 
tained within a mercury tube may volatilize enough of the liquid to 
increase the pressure to the bursting point. It is common practice, 
therefore, to fill the space above the mercury with hydrogen undei 
considerable pressure. This cools and helps extinguish any arc and 
also prevents the formation of an oxide scum on the mercury. 1 

Extremely low voltages, in the range of millivolts or even less, 
present a difficult problem. Almost absolute dryness is imperative, 
as are identical analysis of the two mating contacts, to avoid thermo¬ 
couple or galvanic voltages being generated at the relay contacts that 
are in the same order of magnitude as the intentional power source. 
Either nonconducting films must be completely eliminated or there 
must be sufficient pressure concentration at the contacts to pierce 
any existing film as voltages of this magnitude are not capable of 
rupturing an insulating film that would not be objectionable where 
higher voltages were handled. Gold appears to 'be best for such 
service. 

Particularly in military applications the manufacturer may not 
know which poles of a multipole relay will be used in low level work 
and which poles may be called upon to handle, perhaps, fifty watts 
or more instead ol microwatts. Both services can be handled if silver 
contacts are very lightly covered with gold. On high currents the 
first few operations will burn away the comparatively high resistance 
gold, while the low level contacts will retain their gold surface 
throughout their life. 

bor certain applications relays may be required to operate while 
immersed in oil. Pure copper contacts may prove superior to more 
precious metals under this condition. 

Certain types ol loads can best be handled with bifurcated contacts 
which consist ol two relatively flexible sets of contacts operating 
simultaneously in parallel. This arrangement is not a cure-all. It 
usually requires that the available contact pressure be cut in half 
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for each of the double set of contacts and the loss ol contact pressure 
of ten causes difficulties. Although the contact resistance of each pair 
of contacts may be low, one set may be much lower than the other 
,md the majority of the contact current will flow thiougb the path 
I laving the lower resistance. Each set of contacts must therefore, 
1,0 capable of carrying almost the ent,rc current while sharmg the 
available contact pressure with the practically idle set. 

For particularly difficult loads two separate poles may be operated 
m parallel with one pole adjusted to close first and open last. 11 s 
pole is provided with carbon, tungsten or similar contacts that are 
more 0r P less immune to welding but which are subject to excessive 
heating if required to carry heavy currents for an appreciable time. 
The other pole, which closes last and opens first, may be provided 

luring operation and release when the first pole alone is closed. 
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PLASTICS PROPERTIES INDEX 


1 

2-1 

2-2 

2- 3 

3- 1 
3-2 
3-3 
3-4 
3-5 
3-6 

3-7 

3-8 

4 

5-1 

5-2 

5- 3 

6 - 1 
6-2 
6-3 
7 

8-1 

8-2 

9-1 


For Identification of Code Numbers 
in Tables on Pages 448 to 469. 
Part I: Thermoplastics 


Acetal 


Acrylic-Methyl Methacrylate, Cast i 

Acrylic-Methyl Methacrylate, Molding 
Acrylic-Modified Molding Compound 
Cellulosic Molding Compound and Sheets, Ethyl Cellulose 
Cellulosic Molding Compound, Cellulose Acetate Sheet 
Cellulosic Molding Compound, Cellulose Acetate Molding 
Cellulosic Molding Compound, Cellulose Acetate High Acetyl 
Cellulosic Molding Compound, Cellulose Propionate 
Cellujosic Molding Compound, Cellulose Acetate Butyrate 


C< Molchng Molding Com P<>und, Cellulose Acetate Butyrate 

Cellulosic Molding Compound, Cellulose Nitrate (Pyroxylin) 
Chlorinated Polyether 


N and ENtfifion C ° mpounds ’ T ^ e 6 / 6 Ejection Molding 


Nylon Molding Compound, 30% Glass Fiber Filled 
N Extru^°n ding Compound ’ T ^ pe 6 Ejection Molding and 


Polyethylene, High Density 
Polyethylene, Medium Density 
Polyethylene, Low Density 
Polypropylene 


Polystyrene Molding Compound and Sheet, Unfilled 

Polystyrene Molding Compound and Sheet, 30/35% Glas 
Fiber Filled General Purpose Type /0 

Special Styrene Molding Compound and Sheet, Heat ant 
Chemical Resistant Type 
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V 


2 Special Styrene Molding Compound and Sheet, Shock 
Resistant Type 

1 Styrene Blends, Acrylonitrile-Styrene Copolymer 

2 Styrene Blends, Acrylonitrile-Butadiene-Styrene Copolymers 
Polycarbonate 

1 Fluorine, Potychlorotrifluoroethylene (Fluorothene, Kel-F, 

etc.) 

2 Fluorine, Polytetrafluoroethylene Molding Compound 

(Teflon) 

3 Fluorine, FEP Fluorocarbon 

1 Vinyl Polymers and Copolymers, Vinyl Acetate Molding 

Compound 

2 Vinyl Polymers and Copolymers, Vinyl Alcohol Molding 

Compound 

3 Vinyl Potymers and Copolymers, Vinyl Butyral Molding 
• Compound, Rigid 

4 Vinyl Polymers and Copolymers, Vinyl Butyral Molding 

Compound, Flexible Unfilled 

5 Vinyl Polymers and Copolymers, Vinyl Chloride and Vinyl 

Chloride-Acetate Molding Compounds and Sheets, Rods 
and Tubes, Rigid 

6 Vinyl Polymers and Copolymers, Vinyl Chloride and Vinyl 

Chloride-Acetate Molding Compounds and Sheets, Rods 
and Tubes, Flexible Unfilled 

7 Vinyl Polymers and Copolymers, Vinyl Chloride and Vinyl 

Chloride-Acetate Molding Compounds and Sheets, Rods 
and Tubes, Flexible Filled 

8 Vinyl Polymers and Copolymers, Vinylidene Chloride Mold¬ 

ing Compounds 

9 Vinyl Polymers arid Copolymers, Vinyl Formal Molding 

Compound 

1 Cold Molded, Non-refractory (Organic) 

2 Cold Molded Refractory (Inorganic) 

3 Cold Molded, Inorganic Glass-Bonded Mica, Compression 

4 Cold Molded, Inorganic Glass-Bonded Mica, Injection 
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14-5 


14-6 


14-7 


15 

16-1 

16-2 

16-3 


17- 1 

18- 1 
18-2 


18-3 


18-4 

18-5 


18-6 


18-7 


18-8 


19-1 


19-2 


19-3 


19-4 


19-5 


19-6 


<*** Molded, and Rubber Molding Compounds, Chlorinated 
Rubber 

Cold Molded, Rubber Molding Compounds, Hard Rubber. 
JNo ruler ' 

Oold Molded Rubber Molding Compounds, Hard Rubber, 
Mineral Filler * 

Part II: Thermosets 

Casein Molding Compound 

Diallyl Phthalatc Molding Compounds, Glass Filled j 

Diallyl Phthalate Molding Compounds, Mineral Filled 

^ Filled PhthaIate ^^°Ming Compounds, Synthetic Fiber 

Furan Molding Compounds, Asbestos Filler * 

Melamine-Formaldehyde Molding Compounds, No Filler 

M los^Fme^ 0rmaldehyde Molding Compounds, Alpha Cellu- 

M FiXr ne ' F ° rinaldehyde Molding Com Pounds, Cellulose 

Melamine-Formaldehyde Molding Compounds, Flock Filler 
M FmTr ine ~ F ° rmaldehyde M ° lding Compounds, Asbestos 

M ^bnc^i;:r aldehyde Molding Compounds, Macerated 

Melamine-Formaldehyde Molding Compounds, Macerated 
Fabric Filler (Phenolic Modified) 

M Fnw ne ’ F ° rmaldehyde Molding Compounds, Glass Fiber 

Phenol-Formaldehyde and Phenol-Furfural Molding Com¬ 
pounds, No Filler 

Phenol-Formaldehyde and Phenol-Furfural Molding Com- 
pound W oodflour and Cotton Flock Filler 

Phenol-Formaldehyde and Phenol-Furfural Molding Com- 
pound—Asbestos Filler & 

Phenol-Formaldehyde and Phenol-Furfural Molding Com- 
pound—Mica Filler & 

Phenol-Formaldehyde and Phenol-Furfural Molding Com- 
pound—Glass Fiber Filler 

Phenol-Formaldehyde and Phenol-Furfural Molding Com- 
pound—Macerated Fabric and Cord Filler 
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7 Phenol-Formaldehyde and Phenol-Furfural Molding Com¬ 

pound—Pulp Preformed and Molding Board 

8 Phenol-Formaldehyde and Phenol-Furfural Molding Com¬ 

pound, Compounded with Butadiene-Acrylonitrile Copoly¬ 
mer, Woodflour and Cotton Flock Filler 

9 Phenol-Formaldehyde and Phenol-Furfural Molding Com¬ 

pound, Compounded with Butadiene-Acrylonitrile Copoly¬ 
mer, Asbestos Filler 

10 Phenol-Formaldehyde and Phenol-Furfural Molding Com¬ 
pound, Compounded with Butadiene-Acrylonitrile Copoly¬ 
mer, Rag Filler 

1 Polyacrylic Ester Molding Material, Filled and Vulcanized 

1 Polyester Molding Material, Glass Reinforced, Preformed 
Chopped Roving 

2 Polyester Molding Material, Glass Reinforced, Premix 
Chopped Glass 

3 Polyester Molding Material, Glass Reinforced, Woven Cloth 

4 Polyester Molding Material, Granular and Putty Types, 
Mineral Filled 

5 Polyester Molding Material, Asbestos Filled 

6 Polyester Molding Material, Synthetic Fiber Filled 

1 Silicone Molding Compound, Asbestos Filler 

2 Silicone Molding Compound, Glass Fiber Filler 

1 Urea-Formaldehyde Molding Compound, Alpha Cellulose 
Filler 

1 Epoxy Molding Compound, No Filler 

2 Epoxy Molding Compound, Mineral Filler 
Allyl Cast Resins 

1 Epoxy Cast Resins, No Filler 

2 Epoxy Cast Resins, Silica Filler 

Flexibilized Epoxy Casting Resins (e.g. Polysulfide Epoxy) 
Glyceryl Phthalate Cast Resins 
■1 Phenolic Cast Resins, No Filler 
■2 Phenolic Cast Resins, Cast-Mineral Filler 
-3 Phenolic Cast Resins, Asbestos Filler 
-4 Phenolic Cast Resins, Casting Resin, Mechanical Grade 
-1 Polyester Cast Resins, Rigid 
-2 Polyester Cast Resins, Flexible 
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Polyester Cast Resins 

30-1. 10i4 380-500 280-420 3.0-4.36 2.8-5.2 2.8-4.1 0.003-0.028 0.005-0.025 0.006-0.026 

30-2. 250-400 170 4.4-8.1 4.5-7.1 4.1-5.9 0.026-0.31 0.016-0.05 0.023-0.06 












































































































































































MOLDING CHARACTERISTICS OF PLASTIC MATERIALS 



RELAY engineering—struthers-dunn. INC. 
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Excellent 265-400 1000-10000 325-600 10000-30000 1.6-2.3 /Compression 0.001-0.006 

„ /Injection 0.002-0.006 

Excellent 275-350 2000-5000 275-575 10000-20000 . 0.001-0.005 
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MOLDING CHARACTERISTICS OF PLASTIC MATERIALS—Continued 
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STRENGTH AND HARDNESS OF PLASTIC MATERIALS 
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PLASTICS DATA 


PROPERTIES OF PLASTICS 


Effect of 
Weak 
Alkalies 

Effect of 
Strong 
Alkalies 

Effect of 

Organic Solvents 

Machining 

Qualities 

Clarity 

Resistant to 
some 

Attacked 

Excellent resistance to 
practically all 

Excellent 

Translucent 
to opaque 

Practically nil 

Attacked 

Soluble in ketones, esters 
and aromatic chlorinated 
hydrocarbons. Resistant 
to alcohols at room 
temperature 

Fair to 
excellent 

Good to 
excellent 

Transparent, 
translucent 
and opaque 
Translucent 
to opaque 

None 

No change 
Slight 

No change 
Slight 

No change 
Slight 

Slight 

Swells 

Decomposes 

Widely soluble 

Soluble in ketons and 
esters; softened or 
slightly soluble in alcohol; 
little affected by hydro¬ 
carbons 

Good 

Excellent 

Good 

Excellent 

Good 

Excellent 

Transparent, 
translucent 
and opaque 

None 

None 

Resists most solvents 

Excellent 

Translucent 
to opaque 

None 

None 

Surface only 

None 

Resistant to common 
solvents 

Resistant to most solvents 

Resistant to common 
solvents 

Excellent 

Translucent 
to opaque 

Very resistant 

Resistant 

Very resistant 

Resistant 

Resistant (below 80°C.) 

Soluble in aromatic 
solvents above 60°C. 

Excellent 

Good 

Fair 

Translucent 
to opaque 

-- 

None 

Very resistant 

Resistant (below 80°C.) 

Excellent 

Transparent, 
translucent 
to opaque 

None 

Resistant 

None 

Surface only 

Soluble in aromatic and 
chlorinated hydrocarbons 

Fair to good 
Good 

Transparent 
Translucent 
to opaque 

None 

None 

Soluble in aromatic and 
chlorinated hydrocarbons 

Fair to good 
Good 

Transparent 
Translucent 
to opaque 

None 

None 

Soluble in ketones, esters 
and some chlorinated 
hydrocarbons 

Good 

Good to 
excellent 

Transparent 
Translucent 
to opaque 

Resistant 

Attacked 

slowly 

Resistant to parafinics. 
Soluble in aromatic and 
chlorinated hydrocarbons 

Excellent 

Transparent 

None 

None 

Halogenated compounds 
cause slight swelling 

None 

Excellent 

Transparent 
to translucent 
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eiffect of environment and miscellaneous 


Material Water 
Code Absorption 
No- 24 hr., % 

Vinyl Polymers 


13-1... 
13-2... 


3 

30 up 


13-3... 1.0-3.0 

13-4... 1.0-2.0 


Burning 

Rate 


Slow 


Effect of 
Sunlight 


None 


Slight 


Effect of 
Weak Acids 


None 

Softens or 

dissolves 

Slight 


Effect of 
Strong Acids 


Attacked 


Slight 


13-5... 0.07-0.4 


13-6.. 
13-7.. 


0.15-0.75 

0.50-1.0 


Self¬ 
extinguishing 
Slow to self¬ 
extinguishing 


Darkens on 
prolonged 
intense exposure 


None 


None 

None to slight 


13-8... 


0.1 


13- 9... 0.5-3.0 Slow 

Cold Molr ed Rubber Compounds 

14- 1... 0.55-2.0 Nil 

14-2... 0.5-15 

14-3... Nil 

14-4... Nil 
14-5... | 0.1-0.3 


Se , lf - . , Slight 
extinguishing 


14-8... 0.02 


Medium 




0.02 


Casein 

15... 


7-14 Very low 


Diallyl Phthalate 


16-1... 

16-2... 

16- 3... 

Furan— 

17- 1_ 


0.2 

0.2 

0.2 


0.01-0.2 Slow 


Melamine Formaldehyde— 
18-1... I 0.3-0.5 I Self 


18-2.. 

18-3... 

18-4... 

18-5... 

18-6... 

18-7... 
18-8... 


0.1 0.6 
0.34-0.8 
0.16-0.3 
0.08-0.14 
0.3 0.6 

0 . 2 - 1.3 
0.3-0.6 


extinguishing 

None 


Attacked 


Nil 


Darkens 


Slight 


Resistant 


Discolors; sur¬ 
face resistivity 
decreases 
Discolors 


Colors may fade Resistant 


Se lf- None 

extinguishing 

Burns 


None 


None 


None to slight 


Colors may fade None 


Very low 
None 


Slight color 
change 


Slight 

discoloration 
Color darkens 
Slight 


None to 
slight 

None 


None 


Resistant 

Attacked 


Decomposes 


Resistant 

Attacked by 
oxidizing acids 


Decomposes 


Slight 


Attacked by 
oxidizing acid 


Decomposes 
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_ PLASTICS DATA 

PROPERTIES OF P LAST ICS-Continued 


Effect of 
Weak 
Alkalies 


Effect of 
Strong 
Alkalies 


Effect of 

Organic Solvents 


Machining 

Qualities 


Clarity 


None 

Softens or 

dissolves 

Slight 


None 


Resistant 


Attacked 
Softens or 
dissolves 
Slight 


None 


Resistant 


Soluble in many 
Extremely resistant or 
unaffected 

Resists aliphatic hydro¬ 
carbons and most oils. 
Swells in ketones, esters 
and aromatic hydro¬ 
carbons, dissolves in 
alcohols 

Resists alcohols, aliphatic 
hydrocarbons and oils. 
Soluble in ketones and 
esters; swells in aromatic 
hydrocarbons 

None to slight 

Attacked by some 


Poor to good 
Good 


Excellent 


Transparent 
Transparent 
to opaque 


Good 

Good to poor 


Translucent 
to opaque 


None 

Slight 

Resistant 


Decomposes 

None 

Decomposes 

Resistant 


Attacked by some 
None 


Soluble in aromatic 
hydrocarbons 
Attacked by some 


Decomposes Decomposes Resistant 


None 


Slight 


None 


None 


None to slight Resistant 


None 


Very slight 
None 


Attacked 

Decomposes 

Slight attack 
Attacked 


None 


None bleed-proof 
None 

None on bleed-proof 


Fair 

Good 

Fair 

Good 


Opalescent 

Translucent 

Opaque 


None to slight None 
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EFFECT OF ENVIRONMENT AND MISCELLANEOUS 


Material 

Code 

No. 


Water 
Absorption 

n; 
/c 


24 hr., 


Burning 

Rate 


Effect of 
Sunlight 


Phenol-Formaldehyde, Phenol Furfural 


Effect of 
Weak Acids 


19-1 

19-2. 
19-3.. 
19-4.. 
19-5.. 
19-6.. 
19-7.. 
19-8.. 
19-9.. 
19-10. 
Polyacrylic 

20 .| 

Polyester 
21 - 1 ... 
21 - 2 ... 
21-3... 
21-4... 

21- 5... 
21 - 6 ... 

Silicone— 

22 - 1 ... 


22 - 2 ... 


0.1 0.2 

0.3 1.0 
0.10 0.5 
0.01 0.1 
0.1 1.2 
0.4-1.75 
0 . 6 - 1.8 
1-2 

0.25-0.5 

1-2 

Ester- 


Very low 


None 


0 . 01 - 1.0 

0.06-0.28 

0.05-0.5 

0.15-0.8 

0.14 

0.08-0.2 


0 . 1 - 0.2 


Urea-Formaldehyde— 

0.4-0.8 


23 


Epoxy— 
24-1... 

24-2... 
Allyl Cast 
25. 


0.05-0.10 

0.1 
Resins 


0.03-0.44 


Almost none 
Very low 
Slow 

Very slow 
Slow 

Fast 


Slow to self¬ 
extinguishing 


None to slow 


Very low 


Medium 


Epoxy Cast Resins- 


26-1... 
26-2... 


0.08 0.15 
0.04-0.10 


0.3 


Slow 
Self¬ 
extinguishing 
Flexibilized Epoxy Resins 

27.. ...J 0.27-0.5 
Glyceral Phthalate— 

28.. .. 


Phenolic Cast Resins- 


29-1... 


29-2... 

29-3... 
29-4.. . 


0.3-0.4 


0.12-0.36 


Slow 


Slow 


Very slow 


0.2-0.4 


Polyester Cast Resins 


Almost none 


Very low 


30-1... 
30-2... 


0.15-0.60 

0.50-2.5 


1.1 to self¬ 
extinguishing 


Surface darkens 
slightly 

General darken 


None to 
slight 
depending 
on acid 


Effect of 
Strong Acids 


Decomposed by 
oxidizing acids, 
reducing and 
organic acids 
none to slight 
effect 


None 

Swells 

■-- 

Swells 

Slight 

None 

Slight 

None 

Slight 

Attacked 

None 

Slight 

None to slight 

None to slight 

Slight 

None 

None to slight 

Decomposed 

Slight 

discoloring 

Slight 

None 

Attacked 



Yellows slightly 

None 

Attacked only by 
oxidizing acids 

None 

None 

Attacked by some 

None 

None 

Attacked by some 

Yellows 

None to slight 

Attacked by 
oxidizing 

Colors may fade 

Darkens 

None to slight 

Decomposed by 
oxidizing acids, 
none to slight 
effect by reducing 
organic acids 
Attacked by 
oxidizing acids 

Yellows slightly 

. 

None 

None to 
considerable 
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PLASTICS DATA 


PROPERTIES OF PLASTICS—Continued 


Effect of 
Weak 
Alkalies 

Effect of 
Strong 
Alkalies 

Effect of 

Organic Solvents 

Machining 

Qualities 

Clarity 

None to slight 

Decomposes 

None 

Fair to good 

Transparent, 

translucent 

Slight to 
marked 
depending on 
alkalinity 

Attacked by 

strong 

alkalies 

unless a 

special 

alkali- 

resistant 

resin is 

used 

None on bleed-proof 
colors 

Poor 

Fair to good 

Good 

Opaque 

Swells 

Swells 

Attacked by some 


Opaque 

Attacked 

None 

Attacked 

Decomposes 

Slight 

Slight 

None 

Slight 

None 

Good 

Fair 

Good 

Fair 

Good 

Excellent 

Opaque 

None to slight 

None to 
marked 

Slight to 
marked 

Attacked by some 

Fair to good 

Fair 

Opaque 

Slight to 
marked 

Decomposes 

None to slight 

Fair 

Transparent 
to opaque 

None 

None 

Slight 

None 

Good 

Excellent 

Transparent 
to opaque 
Transparent 

None 

None to slight 

Resistant 

Good 

Transparent 

None 

Slight 

Resistant 

Good 

Poor 

Transparent 

Opaque 

None 

Slight 

Resistant 

Good 

Transparent 

None to slight 

Decomposes 

Attacked by some 

Excellent 

Transparent 
to opaque 

Slight to 
marked 
depending on 
alkalinity 

Decomposes 

Attacked by some 

Excellent 

Transparent, 

translucent, 

opaque 

Nil 



Good to fair 

Opaque 

Slight to 
marked 


Generally resistant 

None 

Good 


None to slight 

Attacked 

Attacked by ketones and 
chlorinated solvents 

Good 

Fair 

Transparent 
to opaque 
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AUXILIARY EQUIPMENT 


Covers and Housings 

Most electrical equipment is provided with some sort of shielding 
such as covers or housings. These enclosures serve a dual purpose in 
that they prevent the enclosed equipment from being damaged by 
unfavorable surrounding conditions, and they also prevent the 
equipment itself from causing any damage to its surroundings. Such 
enclosures should have an attractive appearance suitable to the 
surroundings. They must provide facilities for electrical connections 
!o the enclosed equipment, and should also be designed to facilitate 
inspection and maintenance. 

Almost without exception, a basic relay has a number of exposed 
metallic parts that are electrically connected to the power supply. 
In order to prevent shock or injury to personnel coming in contact 
with these parts, a relay should always be provided with covers 
unless mounted in such a way that it must be disconnected from the 
supply line before its components can be touched. A cover that is 
intended merely to protect personnel should either be made of in¬ 
sulating material or, if made of metal, should be grounded. 



Fig. 302. Diagram of Plastic Cover, Type B1, and Metal Cover, Type H6 


The characteristics of covers intended to protect a relay from its 
surroundings are, of course, dictated by the nature of the hazards 
involved. If the relay is mounted in a warehouse where heavy boxes 
may be stacked against it, for instance, the first consideration may 
be mechanical protection, and the enclosure should be extremely 



473 

















































RELAY engineering — struthers-dunn, INC. 


sturdy If the relay is used in a location where dust is the major evil 
sofashw^on^t 8 d b<! d f USt If water may dri P on ^ or may lx, 

Jwi. haS t0 rf- mounte d outdoors where it is exposed to all sorts of 
weather conditions, weatherproof housings should be employed. 

reIays operate with some sparking at their contacts, 
ther types such as those employing mercury tubes may in 

meins be tak b /n a t kage ’ V6 7 badly - il is ™> a ' that positive 

explosive atmospheres. Explosion proof housings must be designed 

mixture 6 that ,t- hey W1 ° eventually fill with an explosive 

mixture of the surrounding atmosphere and that, sooner or later, this 

have suffi ™ X l U1 f 111 ^ e \ ,0US1 ! lg Wil1 ig nite - Thus, housings must 
have sufficient strength to withstand this internal explosion. Any 

nmst be suffie CO t I l n T ,nlc f' r 1 1 g between the inside and the outside 

eases so M U 7 °n g ’ t^turous, and narrow to cool any exploding 
gases, so that they will not have sufficient heat to ignite an explosive 
mixture on the outside of the housing. explosive 



Fig. 303. Diagram of Weather Proof Cover, Type W6A 


T v^* P ]? si ° n p - r ?°! ho r, ngS ar ? ? enerall y made of malleable iron. 
1 hey are provided with heavy hubs to provide solid connections for 

the heavy conduit through which the electrical connections are 

brought, and they are usually provided with large circular covers 

that must be screwed into place. There are several classes of such 

enclosures. A particular class should be selected to correspond to the 

nature °t the explosive atmosphere in which they are to be used 

i he Underwriters Laboratories have established four classes as 
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COVERS AND HOUSINGS 


Class I. Locations in which flammable volatile liquids, highly 

flammable gases, mixtures or other highly flammable 
substances are manufactured, used, handled, or stored in 
other than their original containers. 

Group A. Atmospheres containing acetylene. 

Group B. Atmospheres containing hydrogen, or gases or 

vapors of equivalent hazard. 

Group C. Atmospheres containing ethyl ether vapor. 
Group D. Atmospheres containing gasoline, naphtha, 

petroleum, benzol, alcohols, acetone lacquer 
solvent vapors, and natural gas. 

Class II. Locations in which combustible dust is thrown or is likely 

to be thrown into suspension in the air in sufficient 
quantity to produce explosive mixtures, or those in which 
it is impracticable to prevent such combustible dust from 
collecting in such quantities on or in motors, lamps or 
other electrical devices that they are likely to become 
overheated because normal radiation is prevented. 
Group E. Atmospheres containing metal dust. 

Group F. Atmospheres containing carbon black, coal, or 

coke dust. 

Group G. Atmospheres containing grain dust. 

Class III. Locations in which easily ignitible fibers or materials 

producing combustible flyings are handled, manufactured, 
or used, and which are hazardous through such fibers or 
flyings collecting on or being ignited by arcing contacts, 
resistors, lamps or similar apparatus. 

Class IV. Locations in which easily ignitible combustible fibers are 

stored or handled (except in rooms where in process of 
manufacture) and which are hazardous through such 
fibers being ignited by arcing contacts, resistors, lamps, or 
similar apparatus. 

An example of an explosion-proof housing is shown in 
Fig. 304. 






1*—3i~^l 


DIAM. OF COVER 
OPENING 



Fig. 304. Diagrams of Explosion Proof Cover, Type H9, 

and Weather Proof Cover, Type H4 
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Fig. 305. Diagram of Metal Housing, and Chart 


47 f> 



Fig. 306. Diagrams of Metal Covers, Type H3 and Type HI 7 


A variety of typical housings are shown in the illustrations in 
Figs. 302 to 309. 

The moulded bakelite cover B-l gives a considerable degree of 
dust protection, but is intended primarily for the protection of 
personnel. A variety of sheet metal housings are shown. These are 
made of heavy gauge metal to provide a large degree of mechanical 
protection to the relay. Most of these housings have hinged covers 
to permit easy access to their contents. Housing Type H-17 opens 
in such a way as to expose the sides as well as the front of a relay, 
which in some cases simplifies servicing. All of these covers give a 


477 

























RELAY ENGINEERING — STRUT HERS-DUNN, INC. 




considerable degree of dust protection, although they are not classed 
as dust tight. They also give drip and splash protection. 



Fig. 307. Diagram of Glass Cover, Type G8 


A number of different glass covers are illustrated in Fig. 332. 
These covers are not recommended where the relay must be pro¬ 
tected from heavy blows, but they are ideally suited for use on 
switchboards, and particularly in cases where dust creates a problem. 
These glass covers are regularly provided with gaskets of cork, 
fibre, or rubber and are held in place by means of studs that com¬ 
press the gaskets firmly. In most cases the terminals of the enclosed 
relay are in the form of studs extended through the base. These 
studs are properly sealed to prevent the entrance of dust. In cases 
where terminals are required on the front of a panel, leads from the 
relay are tunneled through the base material and similarly sealed. 
This is the best enclosure for dusty locations that permits a constant 
inspection of the unit, and leaves them instantly accessible for 
maintenance. 

Various types of housings are defined in the American Standards 
for Industrial Control Apparatus in Chapter 8. 
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COVERS AND HOUSINGS 




Fig. 308. Diagrams of Glass Covers, Types G1, G2A and G6 
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Mounting & Panel Wiring 

Relay terminals and mounting facilities were discussed in Chapter 
5 insofar as these facilities might affect the relay itself In thin 
section examples arc shown of the external facilities necessary («> 
accommodate the various types of relay terminals and mountings 



Fig. 311. Relay Set Used in Connection with Wap Time Instruments, 

The Foxboro Co. 


. 311 depicts a combination of midget /I frame relays with 

standard binding post terminals mounted in a housing and with 
leads brought from the several relay terminals to a terminal strip 

luu P r . ovlde ^/ or making connections to various devices outside of 
e housing. The housing is a sheet metal, non-weatherproof en¬ 
closure with a hinged cover and with knockouts to accommodate 
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MOUNTING AND PANEL WIRING 


various sizes of conduit. The wiring in this case has been done with 
solid bare copper wire covered with spaghetti. This form of wiring 
is rather good looking and affords excellent insulation between the 
several wires. It is to be avoided however, where there is any relative 
motion between the several parts that are connected together, as the 
solid copper wire will fatigue and break if subjected to excessive 
bending. Most types of insulating spaghetti are somewhat inflam¬ 
mable, and this form of insulation can only be recommended where 
eyes are to be formed in the end of the conductor, and soldering is 
not required to establish satisfactory connections. 



Fig. 312. Panel for Protective and Fire Signal System, Holtzer-Cabot 

Div., of First Industrial Corp. 
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Fig. 313. Synchronous Control Panel, Crouse Hinds Co. 
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MOUNTING AND PANEL WIRING 


An example of an installation of relays with rear stud type ter¬ 
minals is shown in Fig. 314. Usually such terminals are only employed 
for panel mounting where the back of the panel is acces- 
ible. In this particular instance, however, the several relays are 
mounted on a small panel which is removable from its enclosing 
housing thus permitting access to the rear. The mounting panel is 
provided with rows of terminals accessibly located at the top and 
bottom edges and these terminals are connected by rear panel 
wiring with the studs on the several relays. 

The more usual form of such an installation is shown in Fig. 
:1I2. Here a number of devices including manual switches, pilot 
lights, meters and a number of relays are all mounted on the front 
of the panel w r ith their connection studs extended through the panel 
to the rear. The devices themselves are all accessible in the front of 
l he panel for operation and observation. The wiring, although 
concealed on the back of the panel, is also quite accessible for in- 
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Fig. 314. Control Cabinet, Leeds & Northrup Co. 


spection and maintenance. This installation is typical of many 
encountered, not only in fire alarm service, but also in switching the 
pilot circuits in central power stations. This particular cut shows an 
interesting combination of delicate relays that are protected with 
glass covers and sturdy unenclosed relays which require no such 
protection at the particular location where this installation was made. 































»rv*» 
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•V* ft. 


I r ig. 313 shows an installation employing plug-in type relays that 
lire removable for servicing or replacement. Fig. 313 shows a panel 
with six relays in place, whereas four have been removed from their 
inverted jack sub-bases in order to show the exposed wiring when 
I he relays have been withdrawn from their position. An arrangement 
such as this is sometimes installed to permit the capacity of a system 


Fig. 315. View of Scale Showing Relay Panel and Feeder Control 

Toledo Scale Mfg., Co. 


Fig. 316. Relay Panel in Central Control Cabinet, 

Toledo Scale Mfg., Co. 


4SG 


to be increased instantly at some later date merely by plugging in 
additional relays. In specific cases, it is possible to modify the opera¬ 
tion of such a control unit by removing one relay and plugging in 
another which may fit the same plugs or jacks. 















































































Fig. 317. 


Diagram of Styles of Mounting. Standard Front Co 
Switchboard, Plug and Jack, Reverse Jack 


nnected, 
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Rectifiers 

A rectifier is a device that presents a large resistance to the flow of 
current in one direction and a much lower resistance to the flow of 
current in the opposite direction. Many different types of elements 
have this characteristic that favors the flow of current in one direc- 
I ion. Tubes, either vacuum type or gas-filled, are widely used for 
rectifying alternating current, particularly where a small direct 
current is required at high voltage. Arcs in mercury vapor are com¬ 
monly used where quite large currents at either high or low voltage 
are required. For the small amounts of direct current required to 
operate relay coils, a barrier type rectifier is most convenient. Such 
rectifiers ordinarily consist of a stack of discs coated with copper 
oxide or selenium or some other material having the proper one-way 
conductance characteristic. 



Fig. 318. Single Phase, Half Wave Arrangement 


Rectifier Circuit Arrangements 

1. Single Phase, Hall Wave, Fig. 318. This is the simplest ar¬ 
rangement but is suitable only for small powers, since only one-half 
of the cycle is utilized, the other half being suppressed by the high 
resistance of the rectifier in the backward direction. It is usually 
desirable to employ a condenser to maintain the current during 
one-half of the cycle. 

2. Single Phase, Full Wave Center Tap, Fig. 319. This gives 
full wave rectification but requires a center-tapped transformer 
having a terminal voltage which is twice that required by the load. 
Provided that not more than about 8 volts are required on the d-c 
side this arrangement is economical because only two plates are 
required. If the voltage is higher, the number of plates required will 
be the same as in the bridge connection, which does not need a center 
tapped transformer. 
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AC 
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Fi9 ' 319 ' Sin9 ' e PhaSe ’ FU " Wa « Center Tap Arrangement 

is attained and the transformer design * u]1 wave rectificatioi 
npple voltage has twice the frequency of theTppfy P ° SSible ' Tl " 

method ^ve^ h usefuFundeTcCTtahi 0l - age D f oubIer > Fi §- 321. Thii 
rectification and the action of the condo™ 8 ^ 11008 ' ^.^ives full wav< 

voltage will thus be doubled and t Th e no load 

voltage doubler is derived Due to tn ^ tbat tbe na mo 

uc rived. Hue to the size of the condensers re- 


A C 
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Fig. 320. single Phase, Full Wave Bridge Arrangement 

suitable for cable testing and similar n^nr 0 !^ 1S mc ‘ thoci Particularly 

• «-oS,'T tS 
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al)le, and a somewhat nigher voltage d-c source is required, this d-c 
voltage may be obtained from the available a-c supply by means of 
the voltage doubler. 



Fig. 321. Single Phase, Full Wave Voltage Doubler Arrangement 


5. Three Phase, Half Wave, Fig. 322- This arrangement is similar 
in principle to the single phase half wave method but, owing to 
the overlapping of the three phases, output current flows through¬ 
out the entire cycle. The ripple frequency is three times that of the 
fundamental. Smoothing of the output voltage is, therefore, more 
economical than with the single phase arrangements and the efficiency 
is higher because of the lower amplitude of the ripple component. 


W 


W 


w 



In a few sections of the United States, two phase power is still 
employed. Two phase power may be rectified in the same manner 
as three phase. The ripple frequency in this case is twice as high as 
with single phase. Like three phase rectification, there is some over¬ 
lapping of the output and current flows throughout the entire cycle. 
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Fig. 323. Three Phase, Full Wave Center Tap Arrangement 


6. Three Phase, Full Wave Center Tap, Fig. 323. This arranm. 

ment is sometimes useful when heavy currents are required S at 
low voltage. It has the disadvantage of requiring a center tao to 
each phase winding of the transformer secondary. ^ 

7. t hree Phase, Full Wave Bridge Fiff 394 r pu: c • ^ , 

useful method of all for large, power! ’ F^common with other thrl 
phase connections it has a high efficiency and the rectified voltn^e 
contains only a small ripple component of six times the fundamental 

equency, which is readily smoothed out if necessary. i 


WWW 



Fig. 324. Three Phase, Full Wave Bridge Arrangement 



Applications of the Barrier Type Rectifier 

In general, the barrier type rectifier can be employed whenever 
direct current is to be obtained from an a-c source. There are also 
many other applications which utilize the ability of the rectifier to 
pass current in one direction only. Some of these various uses are dis¬ 
cussed in the following paragraphs. 

Delayed Relay Release 

The effect of a slug in delaying the release of a d-c relay was 
described on Page 66. If a rectifier unit is connected across a coil, 
the whole coil may be made to act as a slug. Fig. 325 shows a relay 
so connected. The polarity of the rectifier is such that current does 
not flow through the rectifier when switch S is closed, and the coil 
of the relay is energized from the d-c power source. When the switch 
is opened, however, self inductance in the relay coil will attempt to 
prolong the current flow through the coil. The rectifier element now 
provides a path for this induced current. The current will therefore 
continue to flow through the coil until the energy that was stored in 
the magnetic field of the relay is transformed into heat in the coil 
winding and in the rectifier. When the gradually diminishing current 
has decreased sufficiently to permit the relay to open, the relay will 
return to the normal position. This arrangement does not affect 
the closing time of the relay armature. 



Fig. 325. Delayed Relay Release 


Battery Charging 

The barrier type rectifier is particularly well suited for charging 
batteries from an a-c supply. Because of the inherent characteristics 
of the rectifier, the charging current is automatically reduced as the 
voltage of the battery increases, giving a tapered charge without any 
special switching equipment. By suitable design, the ratio of the 
final charging current to the initial current can be given any practical 
value which may be desired. The efficiency is high over the whole 
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Fig. 326. Delayed Relay Release 


Trickle Charging and Floating of Batteries 
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Projection Arc Lamps 

With its heavy current carrying capacity, its large permissible 
plate voltage and high operating temperature, the barrier type 
rectifier has been very successfully used in supplying motion picture 
projection arc lamps. Ordinarily forced ventilation is unnecessary. 


High Voltage Testing 

For high-voltage low-current applications in testing or obtaining 
polarizing potentials, a disc rectifier is a simple and convenient 
means of supply. A noteworthy advantage of its use is the complete 
safety with which it will withstand momentary short circuits or 
heavy overloads. 


Electrolysis 

The barrier type rectifier has been extensively used for applications 
where severe electrolysis conditions required special attention. Such 
use takes advantage of the fact that these rectifiers require no 
attention and can readily be installed wherever necessary to obtain 
a low voltage counteracting potential. Its low cost is many times 
recovered by the elimination of costly damage in the pipes or cables 
which it serves to protect. 


Anode Power Supply 

The barrier type rectifier has many advantages which make it 
especially desirable in supplying power for vacuum tube circuits. 
The elimination of radio interference, instantaneous action, unlimited 
life without replacements, rugged shockproof construction and free¬ 
dom from arc-backs are among the outstanding reasons for its in¬ 
creasing use as a power supply for all types of vacuum tube equipment. 


Spark Quench Circuits 

The barrier type rectifier serves as an excellent means for absorbing 
the rise of voltage which takes place when a highly inductive circuit 
is opened. The low resistance of the rectifier in the forward direction 
prevents the voltage at break from rising appreciably above the 
normal voltage of the circuit. 


Vacuum Tube Principles 

Much has been written about vacuum tubes. The bibliography in 
Chapter 9, contains a number of references which will assist an 
engineer in designing circuits and properly employing these useful 
devices. The types of vacuum tube that are available are subject to 
continual change and to remain fully abreast of new types it is 
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nSw n fv d t| th r any ^subscribe to the Tube Handbook 
Div s1on d RTA Commercial Engineering Section, RCA Radiotron 

Division RCA Manufacturing Company, Inc., Harrison, New 

Jersey. Any additions and deletions from current types as well on 
modifications in operating characteristics are promptly brought to 
the attention of any engineer subscribing to this service^ 8 

For the engineer who is not required to design circuits but who 
does need to have some idea concerning the principles involved in 
vacuum tubes, a brief description of these principles follows. 

Every vacuum tube has a cathode. This cathode forms a source 
of free elections 01 discrete particles of negative electricity that form 
a cloud in the space surrounding the cathode. When these electrons 
move they constitute a flow of electric current. Since they arc 

movement is in the direction opposite to their movement. Y 

A vacuum tube also has a positive electrode, plate, or anode that 
s maintained at a fairly high potential by means of external emf 
such as a battery. 1 he positive plate attracts the negatively 
charged electrons, and unless something interferes with their flow 

a stream of electrons will migrate from the cathode to the anode 
and this constitutes the current through the tube. 

To form th e cloud of electrons surrounding the cathode, it is 

usually heated and it is usually coated with some material that gives 

off electrons at a moderate temperature. The plate is not heated 

nor similarly coated. Any electrons in the vicinity of the plate will 

almost instantly be drawn into it due to its positive potential, 

I herefore it is impossible for electrons to travel from the plate to the 

cathode since there are no free electrons at the plate. The vacuum 

tube as so far described constitutes a rectifier since it will pass current 
in only one direction. cu * 

A third element called a grid, which consists of a mesh of fine 
wn-es, may be interposed between the plate and the cathode to 
conti ol the flow of electrons. This control grid is cold and therefore 

it !IT of electrons. Only in very unusual applications does 
it carry high positive charge, and therefore very few electrons are 

.^Posited on it. Since it neither receives nor discharges electrons, 
little if any current flows m the grid, and since power is the product 
of voltage and current, the power taken to control the grid is ex¬ 
tremely small compared to the power in other portions of the 
vacuum tube circuit. Since the grid lies between the cathode and 
the plate the electrons in their normal path must flow through it If 
the grid is negatively charged it will repel the electrons, preventing 

jf 1 ®™ f° m K app ™f chm f to ° closely, and when this occurs the elec- 

the plate current of the tube is reduced or stopped. When the grid 
is made more positive it attracts the cloud of electrons away from 
the cathode, and accelerates them toward the grid. By the time the 
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Fig. 327. Fire Equipment Installation on Pennsylvania Turnpike 

Raymond Rosen & Co. 
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Fig. 328. Contact Amplifier Control Cabinet, Langley Field 

Toledo Scale Mfg., Co. 

in grid voltage. Thus it is often desirable to depart widely from the 

load resistance recommended for a vacuum tube when used as an 

audio amplifier. This is particularly true where the recommended 

load resistance is substantially higher than the plate resistance of 

the tube. When departing widely from the recommended value, 

however, it may be necessary in order to secure long tube life, to 

decrease the recommended plate supply voltage to compensate for 

the tact that a relay coil having much less than the recommended 
load resistance is employed. 

An electronic device very similar to the vacuum tube has a small 
amount of gas intentionally introduced into the electrode space, 
feuch units are known by several names such as thyratrons. Usually 
yratrons have a hot cathode that furnishes the electrons necessarv 
tor them to start operation. After they have once started to pass 


499 



















- 


RELAY ENGINEER1NG-STRUTH ERS-DUNN, INC. 


current however, the electrons collide with the gas molecules. Tho 
gas molecules have one or more electrons knocked out due to the 
collision and, as a result, the tube then contains one or more free 
electrons which, like other electrons, move toward the plate and tho 

SttT' 6 which is now positively char e ed is drawi1 

The movement of positive particles in one direction and negativo 
partides m the opposite direction both constitute a current flow in 

Smce t t ese positive and negative particles arc 

t 0 " grid cannot stop this flow of current that is due to ioniza¬ 
tion or ruptured molecules, and therefore in a thryatron the grid 
can prevent the flow of current but it cannot stop the flow of curren I 
once such a flow has started. When a thyratron is energized with 

of a positive half cycle as the plate becomes negative. However, if 

the current flow, once started, will continue until the plate circuit is 
interrupted by some means external to the tube. 

Elementary Explanation of Transistor Operation 

p;Z;? rl i SiSt ( 0rS an T d y, ac ! lu , m tubes bave numerous similarities and 
fn!-f n an iCS ' , In ,® rltlsh terminology these devices are “valves” 
and, like spigots, they control the flow of current through them 

Any such device may be used as an amplifier if the power required to 
control the flow is less than the power that is controlled, or may be 

k nr™ l oscll ktor rf the requlr !' d Portion of the modulated output, 
is properly applied to the control. ^ 

In vacuum tubes a cloud of electrons is emitted by the cathode. 

7 - , to mutual repulsion of these negative particles there are rela¬ 

tively vast empty spaces between the electrons so that only com¬ 
paratively small currents result from movement of this cloud. The 
dimensions of the tube are extremely large compared to the dimen- 

f. kV le , c . tr 1 on and in order , to move and control this electron 

cloud substantial voltages must be applied to grid and plate. 

In transistors an incredibly pure crystalline material has very 

minute quantities of certain impurities added. The regular crystal 

structure of the pure material has minute flaws, or discontinuities, 

a^e thonTt nf Wh « e ^ w 0ccurs * These intentional defects 

aie thought of as holes , which may or may not harbor an electron. 

L h rJT Slent e L ect 1 r ? n f be made to migrate to an empty hole 
and, as they are shielded, large numbers of them may be handled by 
a tiny device. J 

An hydraulic analogy of one type of operation of a transistor is 
lnFl S ure 329 - The pump is the power supply. The controlled 
f. d I s sho , vv n as ? water wheel and the control is arranged to supply 
a little water (a few electrons) to the base, or to drain it aw^ay. 
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Fig. 329. Hydraulic Analogy as Example of Transistor Operation. 


The belt arrangement with pockets (holes) operates at times due 
to gravity turning it in the direction shown by the arrow's when the 
left pockets are filled and those on the right are empty. With the 
control in the position shown the pockets on both sides are filled and 
the belt would be at rest. In this condition no appreciable amount 
of water w r ould enter the base from the emitter, nor leave the base 
into the collector. When, however, the control is turned to drain the 
right side of the belt it wflll spin due to gravity (potential) and large 
quantities of water wflll enter the base from the emitter to be almost 
instantly deposited in the collector to operate the load and to be 
recirculated. As a result, a minute amount of control power wall 
throttle the water wheel load. 


501 


























STRUT HERS-DUNN, INC, 


RELAY ENGINEE RING 

Condensers 

Many relay circuits require the use of condensers. Mechanically a 
condenser consists of two conductors having a very lar°-e area These 

ln,SU f ( ; d from each other but are located 
together. If the insulation separating them is thick iisuallv thp 

conductors will withstand a higher voltage without breaking down 

but the insulating layer should be no thicker than necessary as the 

cTpacityoUte 1 co t n W d°en C s 0 e n r dUCtOrS SpaCed ’ the greater wiil be tho 

A condenser has the ability to store a small amount of electrical 

vohflve tw nfl0W °i f electncal current charges the condenser, and the 

t a ! + m ?. y be measured across the condenser terminals in 
l oportional to the amount of electricity that has been stored The 

greater the capacity of the condenser'the greater the^ amount <> 

electricity that must be stored in it in order to raise the voltage across 
its terminals a given amount. acioss 

The quantity of electricity Q is measured in coulombs. A coulomb 
is equal to the amount of electricity carried by a conductor that 
passes a current of one ampere for a period of one second. If E is the 
v ltage across the terminals of a condenser, and C is the capacity 

of the condenser in farads, then E = §. Since a farad is a large unit, 

farad ra Thp a f, unit - is the microfarad, mf, which is 1/1,000,000 of a 
iarau. I he foiegoing equation becomes: 


(1) E = 


1,000,000 Q 


or 


( 2 ) 


c = 


1,000,000 Q 
E 


or 


(3) Q = t 


cE 

1 , 000,000 


In these equations C is in farads, and c is in microfarads. 

r n alternating current applications, the condenser will charge un 

It will repeat this sequence once each cycle or GO times per second* 
when used on 00-cycle equipment. 1 feCcon<1 ' 

It will be noted that, when alternating current flow’s into a con- 
denser, voltage does not appear across its terminals until it is charged 
Therefore the voltage lags the current or in other words the cuneni 

, te le tt r ltage r d ’ if Sine ,'? ves of the current and voltage be' 

of the voltage w’ave. The voltage would be at a maximum when the 
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condenser was fully charged and the current w T as zero. Conversely, 

I lie current would be at a maximum at the instant when the con¬ 
denser had completely discharged and was ready to start charging 
in the opposite direction, or in other words, when the voltage across 
l he condenser terminals is zero. 

The condit ion just described is exact ly the reverse of that encoun- 
lered with an inductive load such as in a solenoid or relay coil. 
When voltage is applied to an inductance, the current starts to how 
very gradually and increases as long as the voltage is applied in the 
same direction. The curnmt reaches a maximum just as the voltage 
reverses, and while the voltage is passing through zero. In this case 
the current lags the voltage. 

Since the current through a condenser leads the voltage by 90° 
and since the current through an inductance lags the voltage by 90° 
it is obvious that if a condenser and an inductance are connected in 
parallel with each other and have the same alternating voltage applied 
lo them, the current through the two devices will tie 180° out of 
phase. In other words, the current in one unit at every instant will 
be flowing in exactly the opposite direction from the current in the 
other unit. 

The statements in the preceding paragraph assume that the 
condenser is a pure capacity without any resistance, and that the 
inductance is also free of any resistances. In actual practice, con¬ 
densers may be made substantially free of resistances at commercial 
frequencies, but any practical inductance will have an appreciable 
amount of resistance. Any such resistances w ill prevent the current 
through the device from leading or lagging a full 90° from the 
impressed voltage. Consequently the current through the condenser 
and the inductance will not be a full 180° out of phase, but this 
condition can be approached. 

At any instant in a scries circuit, the same identical current will 
flow in all portions of the circuit. If a condenser and an inductance 
are connected in series across a source of alternating voltage, then 
the voltage that can be measured across the terminals of the induct¬ 
ance will lead the current by something less than 90°. The voltage 
that may be measured across the terminals of the condenser will lag 
the same current by approximately 90°. These two voltages w r ill 
therefore be somewhat less than 180° out of phase w 7 ith each other. 
In most cases, if the resistance in each of the tw r o devices is com¬ 
paratively small, the voltage across each of the devices w r ill be 
substantially greater than the voltage applied to the combination. 
If the resistance is negligible so that the two voltages are substantially 
180° out of phase, then the voltage applied to the combination will 
be substantially equal to the difference between the voltages as 
measured across each of the devices. 

If an alternating voltage is applied to a condenser, a certain amount 
of current will flow through the condenser. The current will equal 
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^f pplie ^ Voltage divided by the reactance of the condenser Thu 
reactance is measured in ohms and is equal to the formula: 


(4) X c = 


1,000,000 

2 7 rfc 


Where: 


X c — capacitative reactance 
7 t = 3.1416 


/ — frequency of the power 

supply in cycles per second 

c = capacity ol condenser in 

microfarads 1 

reacftance^/anTnductance’f 1 f °'' mU,a f ° P the inductive 


Where: 


(5) X L =2 irfL 

L = inductance in henrys 




(6) X l or X c = -j | 

Where: 

E = voltage 
/ = current 

m _ ^ 000 > ooo 

1 ; C 2ivfX c 

(8) L = JVf I 

ipiBi mm 

aass-assi 
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reactance of the condenser should equal the reactance of the relay 
coil, or in other words, X c = X l or from formulas (4) and (5) 


(9) 1,000,000 

2 Trfc 


2 7r/L 


This may be written 

(10) Lc 


1 , 000,000 
4 IT 2 / 2 


The quantities appearing, on the right side of this equation are all 
fixed. Where the power supply is 60 cycles this becomes Lc = 7.03. 

Such a resonant combination will deliver more current to the relay 
coil than is transmitted by the control line if the condenser and coil 
are in parallel. Or it will deliver more voltage to the relay coil than is 
handled by the control line if the condenser and relay coil are 
connected in series. 

In the majority of instances the series arrangement is to be 
preferred since this will result in a higher voltage relay coil that will 
liave more turns of finer wire, and therefore more inductance. Since 
the product Lc is fixed by formula #10, a large value for L will result 
in a small value for c. Thus the condenser will be less expensive than 
would be the case where a parallel combination is used and the relay 
coil operates on more current and less voltage. 

The inductance of a relay coil is not a fixed quantity. It varies 
through wide limits as the armature opens and closes. Even with 
the armature closed there may be an appreciable difference between 
supposedly identical relays as a result of extremely small variations 
in the air gap. Therefore it is not practical to employ a great degree 
of accuracy in determining the inductance of the coil. Condensers 
that are used for resonating coil circuits are usually selected from a 
limited range of stock sizes. Many commercial condensers are rated 
for use in filter circuits where the larger the capacity the better. For 
such applications, a strict minimum tolerance on their capacity is 
maintained, but such a condenser may exceed its rated capacity by a 
considerable margin and still pass its manufacturer’s tests. 

For use in resonating a circuit, excessive capacity is as unfortunate 
as insufficient capacity. Occasionally it becomes necessary to use two 
standard capacities in series or in parallel in order to secure a com¬ 
bination having the desired capacity. When two or more condensers 
are connected in parallel with each other the capacity ol the group is 
equal to the sum of the individual capacities. When such condensers 
are connected in series the capacity of the group is equal to the 
reciprocal of the sum of the reciprocals of the individual capacities. 
This is a similar formula to that employed in determining the equiva¬ 
lent resistance of a number of parallel resistors. It should be borne in 
mind that in any series group of condensers, the capacity of the 
combination will be less than the capacit}^ of the smallest element in 
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the c° m bi na tio n , just as in a group of parallel resistors, the resistance 

oi the group is less than the resistance of the lowest resistance element 
in the group. 

Foi direct current circuits, particularly where large values of 
capacitance are needed, electrolytic type condensers may bo 
employed. I he insulating film between the electrodes in these 
condensers is formed by the passage of current through them. In the 
forming operation a voltage is applied for an extended period during 
winch the film forms The higher the applied voltage, the thicker 
the him becomes, and as a result, for a given physical size the higher 
the voltage rating the lower the capacitance. 

Where the capacity value is at all critical, it is generally advisable 

to avoid using electrolytic condensers. If these types stand idle 

tor extended periods or if they have voltage applied to them for 

extended periods that is much lower than their rated voltage the 

insulating film may deteriorate and, in becoming thinner, will cause 

the capacitance of the unit to increase. Leakage current through the 

him will also increase above the initial value when the insulating film 

v as thicker. If allowed to stand idle for extended periods such a 

condenser, when first placed in service, may pass a rather large 

leakage current until this current in passing has reformed the 
insulating film. 

Under no conditions should such an electrolytic condenser have the 
voltage applied to its terminals reversed. Leakage current in the 
wrong direction entirely destroys the insulating film. 

The original electrolytic condensers were liquid filled, but most, 
such units now on the market are of the so-called dry type from which 
all excess fluid has been removed, and such condensers are to be 
preferred due to their freedom from leakage. 

For alternating current applications where the voltage break down 
need not exceed a few hundred volts, a good grade of paper insulated 
condenser is best suited for relay circuits. Generally, such condensers 

Zyt ass cz "*•" bu * “» t 
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Absorption Circuits 

A condenser may be shunted across contacts to minimize arcing. 
When the contacts start to open, the current that had flowed through 
the contacts flows into the condenser and charges it. By the time 
l he condenser is charged, the contacts should be sufficiently separated 
so that no arc will be established across them. When such a pan ol 
contacts are shunted by a condenser, if there is negligible resistance 
in the condenser circuit, the condenser will tend to discharge 
instantanteously through the contacts when they reclose. 1 his 
instantaneous discharge current may be large enough to pit the 
contacts and in order to limit it to a reasonable value an intentional 
resistance is often connected in series with the condenser. 

The combination of condenser and resistor is called an absorption 
circuit. If the resistor has a high enough value so that full line 
voltage will not cause a current to flow through it that is larger than 
the contacts can handle repeatedly, there is no limit to the size ol 
the condenser that will prove effective. For practical reasons, a 
lower value of resistance connected in series with a condenser ol 
moderate capacity is usually used. 

In a typical instance where a pair of contacts are operating in a 
110 volt d-c circuit and the contacts are suitable lor handling a 
momentary 10 ampere current, the resistance should be 11 ohms, 
and the condenser might be 20 microfarads. This is a very expensive 
combination and in practice the capacity might be cut down to a 
value as low as one-half of a microfarad and the resistance, perhaps, 
to 5 ohms. In each case, the proper resistance and capacity values 
should be determined by experiment. This is much simpler than 
determining the inductance and time constant of the controlled 

circuit. 

In the case of certain delicate instruments, small condensers 
without series resistances are sometimes shunted across the contacts 
to obtain a form of snap action. Every time the instrument contacts 
close a minute weld, due to condenser discharge current, holds the 
contacts together. When the instrument develops a substantial force 
tending to separate the contacts, they snap apart and thus chattering 

of the contacts is avoided. 
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RELAY TESTING, INSTALLATION, 

AND SERVICE 


Location 

Before installing relays their location should be carefully con¬ 
sidered. Relays usually link controlling devices to the conti oiled 
loads. Thus, the ideal location is between the controlling device and 
Hie controlled load. Sometimes, however, the main purpose in using 
relays is to reduce the length of heavy wire running from the line to 
a motor or other comparatively heavy controlled device and, in such 
cases, it is economically advisable to locate the relays as close to the 
load as may prove convenient. In many installations theie will be 
fuses inserted betwxen the power supply and the load. These fuses 
must be easily accessible for replacement and the best location loi the 

fuses is frequently the best location for the relays. 

Although relays, when operated within their rated capacity, may 
|>c expected to require little maintenance it is always advisable to 
locate them where such maintenance can be provided with a mini¬ 
mum of difficulty. Very often no space is reserved for relays in 
original planning, with the result that they are placed m dark and 
dirty corners where it is difficult to inspect them when such inspection 
becomes necessary. Even if the relays should never require inspection 
and maintenance, it is desirable to mount them where they can be 
easily examined and manually operated. In electrical circuits genei- 

excellent access to all other parts of the circuit. 1 hus, they pave the 
wav to a ready location of faults, even though these faults may have 
no connection with the performance of the relays themselves. 

Although the perfect relay design would eliminate the use of any 
external fragile parts, and would make the relay impervious to dirt, 
humidity, fumes and mechanical damage, other requirements such 
as accessibility of all wearing parts make it impractical to design a 
relay that is completely fool proof. It must be remembered that, 

necessarily, a 

dated with more fragile instruments, and that it therefore should be 
provided with all of the protection that can conveniently be given it. 
The hazards associated with a particular location will, in all cases, 
govern the type of protection required by a relay. In many cases it 
will be enclosed with associated equipment such as fuses, kmle 
switches, and similar items. 

The majority of commercial enclosures will afford sufficient 
mechanical protection. Where possible, however, a location should 
be selected that does not expose the relay to excessive humidity. 
Some types of fumes, particularly if they are corrosive or have a high 
sulphui content, should be avoided. In extreme cases where such 
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fumes abound, it may be necessary to ventilate the relay compart 
ment to the outside air. Dirt, the common enemy of any moving 
machinery, is particularly undesirable in connection with relay* 
which may operate only at infrequent intervals, and which may 
therefore collect an appreciable amount of dirt between successive 
operations wherein they tend to clean themselves. Types of dirt m 
dust that tend to become sticky, such as the dust encountered in n 
flour mill or types of dirt that are magnetic, such as iron filing , 
which will be particularly attracted to a relay, are to be avoided 

A consideration governing the location of a relay that is often 
overlooked has to do with shock transmission. Whenever a relay in 
controlled by a delicate instrument, great care should be taken to 
mount one or the other in a position where a shock cannot be trims 
nutted from the relay to the instrument. Otherwise the opera 
tion of the relay may cause the contacts of the controlling instrument 
to bounce. 1 his, in turn, may cause the system to chatter. Similarly 
of course, any load that is controlled by the relay should be isolated, 

Fuses and Disconnects 

In many cases, the relay user has little choice, either in the matter 
of employing fuses or in the type and size of fuses that must be used 
I no Underwriters regulations applying to the particular case 
involved are the determining factor in this respect in most applied 
tions, and should be consulted. There are several considerations, 
hcmevei, which if followed, will result in greater dependability where 

local codes ^ ^ ^ m n ° wa ^ v ^°^ a ^ e Underwriters requirements or 

In most relay combinations, very little current flows in the circuit 

connecting the controlling device to the relay, whereas comparatively 

huge currents flow in the circuit connecting the relay to its load ff 

either of these circuits is opened due to the blowing of a fuse the 

entire device may become inoperative. It is therefore generally 

advisable to guard against unnecessary circuit failures by fusing the 

control circuit between the instrument and the relay with fuses 
having generous ratings. 

Ihe actual rating of these fuses is a question of economics. If 
unintentional shutdowns may prove very expensive it is advisable 
to use a larger fuse, whereas if it is considered that the controlling 
instrument would be extremely expensive to repair in case of over¬ 
loading and actual shutdowns are to be preferred to any possibility 
of damaging the contacts of the controlling instrument, there should 
be a tendency to employ a smaller fuse. With many types of instru¬ 
ments having contacts that may be replaced easily at moderate 
expense, and particularly where it is unlikely that actual short 
circuits may occur in the instrument circuit, fuses may well bo 
omitted. Very frequently it will be possible by connecting the 
instrument in the grounded side of the circuit, and by connecting 
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the relay coil or some other high resistance in the “hot” side of the 
circuit, automatically to limit the greatest possible current that can 
How in the circuit to a very moderate amount. 

In most all cases, but particularly where a relay is controlled by 
some automatic device such as a thermostat, it is essential that 
there be a means of disconnecting the relay and its associated load 
manually and positively from the line. r l his is to prevent the possi¬ 
bility of power being applied automatically to the load while it is 
being inspected or serviced. For convenience and simplicity in many 
cases, an automatically-controlled relay will merely interrupt one of 
I be two power leads in a two-wire circuit, or one less than the total 
number of leads in a polyphase circuit. In such cases, a manual 
disconnect should be provided to isolate the load entirely, when, for 
anv reason, maintenance is required. 


Load Test. Storage Batteries Deliver D-C Voltage from 2 to 
24-volts. Current Inrush Obtainable to 2000 Amperes 
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Mounting 

Many varieties of relays are provided with plastic bases. Fre¬ 
quently, such bases have projecting mounting feet which protect 
them against warping if they are firmly attached to an irregular 
surface, provided of course that all feet rest on spots located in the 
same plane. Some relays such as Struthers-Dunn midget units have 
flexible mounting feet to prevent warping of the bases when mounted 
on an irregular surface. In all cases, care should be taken to avoid 
attaching a relay to any surface that is so irregular or which may 
>ecome so deformed in service as to cause warping of the relay base. 

Most relay bases are provided with mounting holes that afford 
cieai ance for a commercial screw one size larger than the size deemed 
necessary to mount the relay properly. As relay bases are either 

oulded or jig drilled, the location of the holes is usually exact, and 

where the panel on vvhich they are mounted is similarly exact, the 

maximum size screw that the hole will pass may be used. In general, 

however, to allow for inaccuracies in the layout of the panel, mount 

mg screws one size smaller than the base will actually accommodate 

lire recommended. In other words, if the mounting holes in the relay 

base afford a net clearance for a #10 screw, the use of a #8 screw in 

recommended. A variety of special mounting facilities available with 

ptruthers-Dunn relays for use under various conditions are shown 
in Chapter 6 of this handbook. 


Time 

When relays are to be installed in a newly constructed building 
it is recommended that, if possible, their installation be delayed until 
plasterers and painters have completed their work. It is quite 
possible for the cost of cleaning a badly fouled set of relays to exceed 
their initial cost. Moreover, if the cleaning is imperfectly done 
ensuing trouble may still further exceed this initial cost. 

Frequently, relays purchased for assembly on a panel by someone 
other than the manufacturer of these items, may be damaged during 
the process of wiring the panel, or the extra care necessary to prevent 
damage may greatly prolong the task of wiring the panels. In many 
cases, the wiring operation can be greatly expedited if removable 
mounting relays are employed. With this arrangement, all the wiring 
on a panel may be completed to studs that have been properly 
ocated to accommodate the relays. When the wiring is completed, 
the relays may then be attached to the studs, thus completing the 

assembly I urther details on removable mountings or eyelet terminal 
relays will be found in Chapter 6. 
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Cleaning 

The major cause of relay failures is dirt. When relays operate 
frequently they will, if properly designed, tend to clean themselves 
of most kinds of dirt at every operation. 

If a relay operates fairly frequently and is given reasonable pro- 



Fig. 331. Housing Types, Ordinary, Explosion Proof, Water Proof, 

and Plastic. 


tection from such types of dirt as may be present where it is mounted, 
it ma} r be expected to complete a long and useful life without requir¬ 
ing any attention. However, w r here relay operations are infrequent, 
or where types of dirt are present that are practically impossible to 
guard against, more or less frequent cleaning is mandatory and a 
periodic check up will do no harm in any event. 


515 
















relay engineering-struthers-dunn, IN C 


W here a relay is mounted in a housing, not only the relav it*,. If 

diit that 6 h fc f e i 1 H tei H 0r °V he h r 0U u in ? should be cIean ed. Alio, any 

dirt that has lodged on top of the housing should be removed hm 
otherwise, it may eventually find its way to the relay. 

rpW rt M^l Cl0g tb ?- bi - nge °. r x oth er mechanical operating parts of a 
e ay. Moreover, if it is moist or for any other reason conductive it 

- ” Sh ° rt T?u lts ? ccur - If sticky > dirt can collect between 
when deenergized by making the armature adhere to the pole fa^! 



Fig. 332. Glass Covers 


^ 1 L dir ^ hQUld A e / emo / ed by insertin S a Piece of paper between 
t e ai mature and the pole face. Then, while the armature is held 

gently closed by hand, the paper should be withdrawn. Usually a 

be Repeated unfilThp 11 th ® P - ece , of paper and the operation should 
oe repeated until the paper is clean when withdrawn. Many men 

perform thistimn^P exper ! ence with reIa y servicing will automatically 

f L Q f? y ‘ Relays seldom fail, but a large percentage of the failures 

at evp°rv CCUrW0U - d f® avoided if this simple operation were performed 

filings nartfeTS Magnetic Prides such as iron 

tilings, particularly when they become coated with grease or any 
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other sticky substance, are particularly offensive in this respect since 
I,he 3 r are naturally drawn to the air gap under the armature. 

Relays are usually designed so that their contact faces are steeply 
inclined to the horizontal. As a rule, this will prevent accumulation 
of dirt on the contact faces, even when the contacts remain open for 
extended periods of time. When any relay is not designed in this 
manner or when, for any reason, the relay has been mounted in some 
position other than that for which it was designed and the contact 
faces are horizontal, it may become necessary to brush off any 
accumulation of dust at frequent intervals. This is particularly true 
if the contacts are used in a circuit that requires them to remain 
open for extended periods. 

Unless there is sulphur in the atmosphere, it is usually unnecessary 
to employ any abrasive on relay contacts since any discoloration that 
may appear thereon is unlikely to interfere with proper operation. 
When it is necessary to use any abrasive on the contacts as in cases 
where severe overloads have resulted in the formation of an extremely 
irregular surface, care should be taken to remove only a minimum 
amount of the remaining contact material. 

If a contact is severely overloaded, the surface may become quite 
irregular. Under such conditions when craters are formed that 
penetrate through the contact material to the underlying base 
material, the contact should be replaced. With normal loads the 
wear may be expected to be gradual and uniform over the face of 
the contact, and the balance of life to be expected may be determined 
with fair accuracy. When half of the contact material is gone, then 
half of the life of the contact is also gone. 

Single-break contacts consist of a fixed contact and a moving 
contact. The moving contact is usually provided with a flexible 
connection or pigtail. Although a pigtail is, of course, subject to 
some wear, it is usually designed to last longer than its corresponding 
contact. When the moving contact is replaced, how’ever, the pigtail 
should be replaced along with it, both units usually being combined 
in one spare part assembly. 


Spare Parts 

The selection of spare parts that should be stocked to permit 
proper servicing of relays will differ in every installation. Where 
no mechanics are available for servicing, there is little need of carry¬ 
ing any spare parts. In some cases entire relays may be stocked as 
spares so that a complete replacement may be made while the faulty 
relay is returned for the specialized attention of its manufacturer. 
In other instances, a relay will form a part of a larger assembly which 
has been purchased complete from some one other than the original 
manufacturer of the relay, and here the service policy of the assembly 
manufacturer must necessarily be considered. If the latter maintains 
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complete servicing facilities in the user’s locality, he may usually bn 
called upon for any servicing. ^ u 

RI Ji°f P ?, rts of . relays l nost 4 commonly carried as spares, consist of 
n , gs ’ cods and contacts. Although springs are seldom required an 
^placements except in cases of mechanical abuse, they are so cheap 

Btwk“ variety’" 8 qUantities of rclays may find it advantageous 

Although coils seldom fail, there are several advantages in havinu 
a few at hand. Often it is desirable to convert a relay from operatio.1 

coik w,lT° 86 °P eratlon on another voltage and a few assorted 

\ S u ch instances > Permit a change in the characteristics of 
the iela> if there is a competent workman available to do the job. 

on^nf re remova [ )le mounting relays are used, the task of substituting 

time is simplified. Struthers-Dunn normally is in a position to 

mormfoT 1Ck y ^ their P™ d ucts returned for overhauling. All 
manufacturers will give special attention to such overhauling jobs if 

breakd^iv^tf V / that ^ a Speed is rec f uired in order to minimize n 
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Fig. 333. Engineering Research and Inspection 


TESTING 

Commercial Relay Testing 

Relays may be subjected to various tests in the field to determine 
(heir suitability for various applications. Such tests in general are 
quite limited in scope, but due to the fact that a specific application 
may suggest the employment of any one of a number of tests, we 
will include here a complete description of all of the usual as well as 
many of the unusual tests that are at times conducted by a relay 
manufacturer. Much of the equipment used is of a special nature 
which would hardly be available unless a very great number of 
relays were to be tested. In general, such equipment merely expe¬ 
dites the test and, in cases where only a few relays are to be tested 
most of the required test equipment items can be improvised. 

A list of the testing equipment regularly used by the inspection 
department of Struthers-Dunn follows. The items heading the list 
are used on 100 percent inspection of all items before shipment. 
Further down the list items appear that are used only for type tests, 
or for regular production checking on a limited variety of relays. 
For the most part, this list does not include test equipment used only 
on raw stock before fabrication as such items would be of little 
interest to the user of complete relays or their parts. 

Testing Equipment 

1. Assorted power sources—High- and Low-frequency and central 

station battery and charging equipment. Normal 120 and 

230 volts d-c. 1, 2 and 3 phase a-c at various voltages. 

2. Standard test panel. 

3. Gram gauge. 

4. Wheatstone bridge—ohmmeter—Kelvin bridge. 

5. Numerous jigs, fixtures and gauges. Prony brake. 

6. Life test chamber. Lamp banks. 

7. Wattmeters, voltmeters, ammeters, milliammeters. 

8. Hot and cold and humidity test equipment. Vibration machine, 

shock testers. 

9. Oscilloscope and continuous recording camera. Cycle timer, 

stop watches. 

10. Thermocouples and measuring equipment, scales and spring 

balances. Microscopes. 

11. Spring testers. 

12. Fluxmeter, vacuum tube voltmeter, altitude chamber. 

The first item—power sources—is perhaps the most important for 
a relay manufacturer who must supply relays for use on a great 
number of different frequencies ranging from 16-2/3 cycles for tele¬ 
phone ringing up to 800 cycles for certain types of lightweight air¬ 
craft equipment. 
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Fig. 334. Production Test Panel 


Equipment on Panel 


51 .A-c, d-c selector switch 

52 .0 to 115 or 115 to 230 volts selector switch 

VAC.Variable ratio transformer for varying a-c 

POT.Potentiometer for varying d-c 

R1.A-c relay 

C.Condenser to block d-c from coil of R1 

VM.A-c, d-c voltmeter 

VMM.Voltmeter multiplier 

FI, F2, F3. .Fuses or circuit breakers 
CP.Heavy current carbon pile 

53 .Test switch for shunt loads 

54 .Test switch for series loads 
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XVM.External Voltmeter 

XMA.External Milliammeter 

XA.External Ammeter 

XS.Fast action remote test switch 

XX.Jumper to replace milliammeter 

TEST.Equipment undergoing test 


On standard commercial frequencies, two and three phase power 
must be available at various voltages and direct current must be 
available at any level from two volts up to several thousand volts. 
Of course, many of the possible combinations of frequencies and 
voltages are rarely used, and unusual voltages and frequencies are 
only available at a limited number of test positions. All of the com¬ 
mon voltages and frequencies must be available at each one of 
dozens of test positions, however, and there must also be available 
heavy current a-c and d-c supplies for testing relays with series coils. 

Standard test panels have been developed to provide this com¬ 
bination of facilities and a wiring diagram of a typical panel is 
shown in Fig. 334. 

It will be noted that a three-pole double-throw switch selects 
either alternating current or direct current. The alternating current 
supplied to any particular test position may be of any standard 
commercial frequency. The double-pole, double-throw switch 
changes the range from 115 to 230 volts. When direct current is 
being used, the voltage supplied to the relay coil is controlled by 
the potentiometer. With the double-pole switch in the low position, 
the potentiometer picks off any voltage from 0 to 115. With the 
switch in the high position, the potentiometer picks off any voltage 
from 115 to 230. The Variac in the middle of the panel covers the 
same ranges as the potentiometer when the three-pole switch is 
connected to the a-c supply. For testing with heavy current, an 
adjustable carbon pile provides control of ample current for most 
series coils. A combination of receptacles at the bottom of the panel 
affords means for connecting a special low-reading meter in series 
or across the load under test, and also permits the load as well as a 
telegraphic code key to be connected to the output to permit con¬ 
venient switching by the inspectors. 

Due to the different current carrying capacities of the Variac and 
the potentiometer, these units are separately fused. In actual 
practice, resettable circuit breakers replace the fuses. The assembly 
includes a relay that operates on alternating and not on direct current 
to select either the Variac or the potentiometer, whichever is required. 
The scale of the large universal meter is automatically selected to 
cover the particular range of voltages being used. 

The setting of air gaps, retractile springs, etc., is usually accom¬ 
plished by means of gauges, but such settings are checked by elec¬ 
trical operation. All relays are tested for hum, chatter, contact gap 
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and pressure, and freedom of operation as well as for any character¬ 
istics peculiar to the particular relay, while the coil is actually 

energized on normal voltage, and in general, these tests are repeated 
at 15 percent under voltage. 

Contact springs, although individually checked before assembly, 

aie proved after assembly by means of a gram gauge. The gram 

gauge is used to measure contact pressures by inserting the tip of 

s P ! fl in g arm between a pair of cooperating contacts, then noting 

tne deflection of the spring arm necessary to cause slight opening of 

the contacts. This gauge can be used similarly for measuring the 

force required to overcome the retractile spring. This is one of a 

variety of similar units available with various ranges of calibration 

j ,. he Particular gauge illustrated is manufactured by the Western 
Clectric Company. 

Various devices are necessary to measure the resistance of variouN 

parts of a relay. Rough checking is usually clone with an ohmmetoi 

while more accurate determinations employ a laboratory type 

Wheatstone bridge. Resistance of coils must be checked to determine 

whether or not they meet specifications and the cold resistance of u 

particular coil must be compared with the hot resistance to determine 

the temperature rise of the coil. Low resistances as encountered in 

contact circuits, solder joints, pigtails, etc., are measured with a 
Kelvin bridge. "j 

Many relays are subjected to extended life tests. The relay may 
be tested in a circuit that closely approximates actual service con¬ 
ditions, both with regard to coil and contact loading. In other 
instances where the contacts are known to have more than ample 
capacity, and where some change that has been made in the oper¬ 
ating mechanism must be proven, the unit will be tested without 
any load on the contacts to permit the test to be accelerated greatly 
up to perhaps 12 operations per second, w hich results in 1,000,000 
operations per day. A round and round timer as shown in Fig. 
265 simplifies such tests. One of the most welcome accessories 
of such a test is a soundproof chamber in which it may be conducted, 

although ventilation must be provided if the test involves coil 
heating in any way. I 


522 


TESTI NG 



.v< 


Vibration Testing Equipment 
























Fig. 336. Mass Spectrometer Testing 
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Hermetic Sealed Relay Testing 

The amount of testing involved in maintaining a high quality 
military line of relays has become extensive. The reasons are quite 
apparent when the application of relays in vital military equipment 
is considered. Most of the test requirements are written in such a 
way that actual operating conditions arc simulated to the best of 
I he ability of laboratory equipment. The use of hermetically sealed 
units, practically without exception, has completely eliminated many 
environmental conditions as relay hazards . . . for instance, sand and 
dust, high humidity, fungus growth, high altitude arcing, to name a 
few. This has not been entirely beneficial since hermetically sealed 
relays have their inherent problems, too. The inclusion of gases 
and/or the accumulation of gases which could be detrimental to the 
contact surfaces, must be considered. 

The hermetic seal in a metal container also serves to render the 
relay working parts invisible. This self-evident fact carries with it 
the necessity of modifying test procedures over what is standard for 
the open type relay. The visual inspection of operating mechanisms 
must be transformed into an analog form which permits electrical 
measurements to tell the story that had been previously read by a 
simple mechanical inspection. As an example, contact gaps and con¬ 
tact after travel may be measured or compared as functions of the 
armature flight-time. This can be accomplished using rather simple 
oscilloscope timing circuits and a relay with the desired adjustment 
as a standard of comparison. 

The use of hermetically sealed units has become very popular 
because of their obvious advantages. The balance is not completely 
one-sided, since there are new problems involved, due to the hermetic 
sealing. 

Most engineering materials employed in ordinary electrical equip¬ 
ment give off minute quantities of adsorbed gases and vapors as they 
age. This condition is encouraged by temperature changes and by 
any arcing that may occur in their vicinity. Relays employing such 
materials may perform perfectly if ventilated either by being unen¬ 
closed or enclosed in louvered housings. When relays are hermetically 
sealed, however, extraordinary precautions must be taken to elimi¬ 
nate vapors and deleterious gases from the original contained 
atmosphere and to avoid the use of materials which might cause 
subsequent pollution of the contained atmosphere. 

Any material that has an odor, as well as many others, can be a 
source of contamination. Components that are porous or which have 
large superficial areas, such as coil windings, must either be thor¬ 
oughly cleaned or isolated from the contact compartment. 

Securing the desired degree of cleanliness involves both the original 
selection of materials and the extended application of high vacuum 
to vaporize any contaminants, followed by flushing with some suit¬ 
able clean gas. The foregoing cleaning operation is repeated as often 
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might be expected. Any helium leaking into the evacuated relay 
immediately indicates the presence of a leak and the position of the 
helium jet indicates the location. Final seal of the tubulation requires 
extreme care as this is not checked for leakage. 
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Fig. 338. Mass Spectrometer and Precision Test Equipment Laboratory 

A recently patented leak detection system, known as Radifio, 
which employs equipment manufactured by Reed-Curtis Nuclear 
Division of American Electronics, Inc., is most precise in measuring 
the exact amount of leakage. Leaks so small that they only pass 
about 3 x 10“ 13 cubic centimeters per second, or so large that they 
pass as much as 4 x 10 -9 cc/sec, may be calibrated to several sig¬ 
nificant figures. 

In this system the relays are placed in a chamber containing a 
gaseous source of gamma rays under pressure. This expensive gas 
is then pumped out of the chamber and salvaged. The relays are 
washed with an inert gas and the amount of gamma rays emanating 
from a relay is measured with a sensitive scintillation counter. The 
process is fairly rapid. It can be automated and the results are quite 
accurate when interpreted. 

Low Level “Miss” Testing 

One of the presently accepted methods of screening relays for high 
reliability applications, particularly where contact loads are low 
level, is to run each unit for 5,000 or 10,000 operations while the 
contact resistance is being monitored. At any operation, where con¬ 
tact resistance exceeds a predetermined value, the detector will 
cause the test to stop. The operator must then pull out the defective 
relay and reject it. 
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Testing Equipment 



Fig. 339. Vibration Room with Electronic Failure Detection Equipment 


Description of Testing Equipment 

t,, T,no fat? ; ” ecessar . 1 takel | in preparing relays that were intended 

due to the presence of imperceptible, non-conducting films or be- 
contact f the preSence of a microscopic dust mote at the point of 

of The S r,h, e v« n L t f hat Spe r ial car ® be taken in the final cleaning 

- Vs? 

iSE iHZ"! or '“ ic “ terial withi “*»* rel *r >» •» 

a . final Precaution it has become standard practice to run the 

bake'„in L ri Sd il ela / S , thro , ugh a high temperature vacuum 

tbe knal seal is made. The temperature selected 
should be just as high as can possibly be withstood by the device 
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without causing any harmful action on the insulating materials. The 
vacuum should be as good as can be had and certainly down below 
100 microns. 

Another variable is the amount of time that the unit should be 
held in this state. An arbitrary set minimum time for this bake-out 
would be to select quitting time one afternoon to starting time the 
next morning, thus setting the bake-out cycle at a 16 hour minimum. 
This is a case where it is felt that the longer, the better. 

A low level run-in test may then serve as an electrical analog to 
check the degree of cleanliness. In setting up this run-in test, many 
of the values chosen were strictly arbitrary. Therefore, a wide variety 
of values were set by the individual relay manufacturers and relay 
users. As far as can be determined by cross checking the number of 
test devices that use different values, it was concluded that there is 
very little or no difference as long as certain maximum limits are not 
exceeded. The equipment used by Struthers-Dunn, Inc. is set to the 
following limits: open circuit voltage is approximately 50 millivolts; 
short circuit current is set at about 8 microamperes; frequency is 
60 cycles, the operating speed is two operations per second with 
equal “on” and “off” times; the detector will indicate a failure when 
the total contact resistance of all the test specimen contacts in series 
indicates 800 ohms. 

Some other devices of this type are made with individual detectors 
on each relay that will count the number of misses on the individual 
relay. Thus this test would run uninterrupted and the operator would 
come back at the conclusion of the test and check all the counters to 
determine if there had been any misses. 

A study of the failure patterns of relays tested on this circuit shows 
that about, 80% of all failures occur at less than 500 operations and 
about 05% of all failures occur below 2,000 operations which points 
to a condition that should provide good reliable relays after they 
have successfully completed this low level run-in test. 


Vibration Testing 

The majority of relays that have been designed for military use 
are called upon at sometime or other to live through some degree of 
vibratory motion as part of their normal usage. In the majority ol 
cases, this vibratory motion must not cause the contacts that are 
closed to open nor the contacts that are open to close. 

The degree of vibratory motion, or the “G” level, of course, varies 
with the application. The actual vibratory motion to which a relay 
would be subjected in actual usage will be a combination of many 
frequencies in the over-all system due to many mechanical resonant 
conditions within the system itself. Since the frequency content of 
vibratory motion that the relay must be exposed to would vary from 
one system to another, or would vary from one relay position to 
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f ithin % same system, it is practically impossible to simu¬ 
late the true environmental conditions for any given relay type. 

h compromise, a test that can be reproduced in the laboratory 

xed amplitude or to a fixed acceleration level, while the freauenev 
Fnr'in«f la y 'n'"? swee P m g ov er a prescribed range of frequencies 

on a vibration test shaker that has the relays solidly damned to thi 
moving element. At the low frequency end, it is customaryto sMcifv 
'c disfilareimrit, and hold this constant as the frequency is varied 

ab .°™ th ’ S < er0 f S °Y, er frequency the acceleration G level i 3 s main¬ 
tained constant as the frequency is varied slowly. 

tbe requirements to which the Struthers-Dunn FC-6 tvno 
total displacement (that is, double amplitude) sTnJ wavewith across 

test, since a good solid mounting is an absolute necesSty to lot 

the vibration system includes an electronic power amplifier and a 
servo control system that will automatically control the G leveJ or 
displacement or shake table velocity, as it provides a slowlv varvinir 

fnnTf ?nC ^ outp V, t * Tt also ca P able of crossing over from one corftrol 
function to another without interrupting the frequency sweeping. 

control system used at Struthers-Dunn Tnc is a 
hn?n bl °K- g l V ? } he ™ ost . faithf ul ^production of what the rflav 


Shock Testing 

The shock test machine used on the majority of production tvno 
tests at Struthers-Dunn, Inc. is a modified JAN-S-44 machine em 
ploying a calibrated spring that is deflected by a striking anvil 

For a given spring the control of the G level and the pulse duration 
“s f a free fall^rt 011 7 b ?, cont . r ° lled b y the height of the drop (which 

including the test specimen. The shock wave output of this device 
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is known to be rich in high frequency components and is probably 
not as faithfully reproducible as some other shock machines. How¬ 
ever, correlations can be made on any given relay so that the machine 
can be used when it has been found that, any device which passed 
I he shock test on this machine will easily pass a given shock test 
requirement on another machine. 

The machine used in the Struthers-Dunn, Inc. test, laboratory has 
been modified to include a magnetic holding device for releasing the 
carriage from its pre-set height, and also to include a catching device 
to grab the carriage after the first bounce and prevent any subsequent 
rebounce. This catching mechanism is triggered by a flag coming 
down on the carriage and crossing a light beam just at the bottom 
of the carriage stroke which, of course, cannot interfere with the 
free fall of the carriage. 

Constant G Acceleration 

Once a relay design has been set, the effect of the constant G 
acceleration on the unit should be very much the same for all units 
tested. This test, therefore, provides some means of telling something 
about the particular adjustment of the device that cannot be checked 
within the sealed unit. 

For instance, on the plunger type unit, it may be found that the 
required pull-up current is much too high or too low as compared 
with their standard setting, when it is measured while the relay is 
being subjected to a constant acceleration. 

In rotational systems the additional end thrust contributed by 
the acceleration may cause the pull-in current to increase and thus 
indicate a poor bearing condition. 

Struthers-Dunn has constructed an acceleration wheel that is 
tailor-made for the FC-6 type relay. There are accommodations for 
24 units on the one wheel with all 6 possible directions taken into 
consideration. The wheel is made so that the electrical connections 
are brought out in two halves. While 12 units are being monitored 
for contact circuit continuity, the other 12 are being checked, one at 
a time, for pull-in and drop-out currents. Then the two halves are 
interchanged and the operation is repeated. 

This device was constructed for customers who require a 100% 
check for this test. Measurements of per cent change in operate 
currents serve as a means of detecting irregularities within the relay. 

Method of Detecting Contact Chatter 

During the vibration test, shock test, as well as the acceleration 
test, one of the criterions of failure is a contact opening of some pre¬ 
determined duration. A commonly specified test is that the contacts 
shall not chatter in excess of 10 microseconds during any of these 
tests. This contact chatter can be measured by using an oscilloscope 
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in a c ircuit which requires the operator to keep a constant vigil on 
the scope. Another method, which seems to be safer as far as a 
production item, is the use of a circuit that will trigger a thyratron 
tube so that a contact opening of greater than 10 microseconds will 

i tn firo^rf 11 charge to the grid circuit of the thyratron to cause 
n hie after ^ hlc ^ *he thyratron will remain ionized and hold 

thyratron can be adjusted to more or less than 10 microseconds 
tvnn n o W S lr ?n W iat - t le s P° clfication squires. A multi-channel thyra- 

that 12 circuits at one time could be monitored and an independent 
presentatjon of what happens to each of the circuits will be obtained 

SSa) ClOSCS f ° r a giVen thi 

High and Low Temperature Testing 

The need for any relay to operate properly over the complete tem- 

1S T 0 ) . vlous necessity. In addition to being sure 
that the relay does function properly under these conditions the test 

may sometimes uncover irregularities within the relay by checking 

deviatlon °( operating characteristics. It can be deter- 

ambient temperature so that the possibility of binding under the 
extremes of temperature may be ruled out. 

The equipment necessary to run the high and low temperature 
test is simple enough. An oven capable of obtaining and holding the 

anTmaltpfn *£ m P erature ambient and a cold box that can obtain 
and maintain the low temperature requirements are required There 

Tbor t o 0f C ° UrSe be pr . ovlslons for Ceding in the electrical connections 
d hue are some environmental cabinets that can perform this com¬ 
plete cycling from the high temperature down to the low tempera tun* 
without removing the specimen from the box. Typical temperature 

extremes are a high temperature ambient of 125°C. and a low 
temperature ambient of -65°C. ow 

Other Environmental Testing 

Probably the chief advantage of using a hermetically sealed relav 
lies m its ability to operate in any environment without malfunction¬ 
ing. Some of the standard atmospheres that the relay meets in the 

nprfnd^lfr lfe may include a high humidity atmosphere for long 
periods of time, exposure to a corrosive type atmosphere such as 

salt water, and the possibility of being in an extremely dirty part 
of a piece of equipment. y y p 


532 















RELAY ENGINEERING-STRUTHERS-D U N N , INC. 

These are all real possibilities. The ability of any one relay to 
withstand testing designed to simulate the proscribed atmospheres 
will be a basic design function and it should maintain the necessary 
characteristics from one unit to another for a given design. This 
ability then is strictly dependent upon the basic design so that 
equipment of this type is more often used in a new design than it is 
as a production tool. Struthers-Dunn uses a humidity cabinet and a 
salt spray cabinet to maintain a quality check on the container and 
the externally-exposed terminal pins, but there is no chance of there 
being any effect on the internal working mechanism as long as a 
good hermetic seal is assured. 

Combination Testing 

To insure the very best finished product on a relay that is being 
supplied for military applications, many standard relay tests are run 
on a 100% basis. To get any degree of speed and accuracy on taking 
these measurements, it is advisable to combine the test equipment 
on one panel so that, lor one set-up of the relay, a whole program 
of tests may be performed without touching the relay itself The 
panel comprising switches and other relays can be made to accom¬ 
plish a number of things, such as: 

1. Coil Operate Characteristics. 

(a) Operate current 

(b) Non-operate current 

(c) Release current 

(d) Hold current 

2. Insulation Resistance Tests. 

(a) Between contacts and case 

(b) Between contacts and coil 

(c) Between coil and case 

3. Contact Resistance Measurements on Each of the Circuits 
Taken One at a Time. 

4. High Potential Testing. 

(a) Between contacts and case 

(b) Between contacts and coil 

(c) Between coil and case 

(d) Between contacts within a given switching circuit 

/• * i . 1 ime and Bounce Time can also be combined as a part 

of this console. A Hughes Memo-Scope can be used to give the 

operator a picture that is easily interpreted. The trace remains 
until the operator erases it. 

^ . Ill J 1^ n lor which this piece of test equipment 

should be set up is, ol course, dependent upon how many relays of 

any given type are expected to pass through it within a given time. 
Some additional operations can be added to the program with the 
possible expense of making the test equipment less versatile when 
it comes to a change-over relay type. For instance, a relay manu¬ 
facturer with a continuous run of one type of relay can afford to 
make this test equipment far more specialized than a relay user who 
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is buying many types ot relays and Hopes to oe aoie to test an oi 
them on the same equipment. It is felt that the handling of the relays 
will eventually become more expensive than equipment needed to 
eliminate the handling. 


Fig. 341. Reliability Testing for Low Level Contacts 
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Temperature Rise 

The amount of temperature rise allowable in a coil depends on 

i! e ^ nsu ^ a ^ on employed. Temperature rises allowable by 

the Underwriters’ Laboratories, and by the Standards of the AIEL 
tor different types of insulation are listed in Chapter 8. 


Many types of coil construction have a definite maximum total 
temperature beyond which they slowly disintegrate. It is customary 
in specifications to assume a value for the highest ambient temper¬ 
ature that may be encountered, and then to subtract this value from 
the maximum total temperature in order to determine the allowable 


temperature rise. Due to the fact that the resistance of a coil 
increases as it becomes hotter, it will be found that a shunt coil will 
take considerably more power at room temperature than it will at 
an elevated temperature. Therefore, the temperature rise of the coil 
will be much higher at room temperature than if the same test is run 
m an oven at an elevated temperature. 

Usually, heat is generated uniformly throughout the mass of a 
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coil, but it must escape from the superficial area. As coils increase 
in size the volume in which the current generates heat increases as 
die cube of the dimension, whereas the area increases only as the 
square of the dimension. It is therefore practical to pass more 
current through the wire in a small coil than can be passed safely 
through similar wire in a coil having larger dimensions. Since the 
hottest spot of the coil is inside where it is not available for the 
application of thermocouples or thermometers, temperature should 
always be measured by the rise-in-resistance method. This method 
will give the average rise in temperature throughout the coil. The 
hottest spot in the coil will experience a greater temperature rise 
than that measured, but this fact is taken into account when the 
specifications regarding allowable limits are determined. 

The complete formula for determining temperature rise need not 
be used for determining heating in such a small device as a relay cod. 
Coils, being small, heat and cool rather rapidly. Thus, by observing 
a few simple precautions, the ambient temperature may be con¬ 
sidered constant during the 45 minutes to 1 hour necessary for the 
coil to come up to full operating temperature. If the coil is exposed 
to the ambient temperature for an hour or so before the test is run, 
its initial temperature may also be assumed equal to the initial and 
final ambient temperature. 

Although most allowable temperature rises are given in terms of 
the Centigrade scale, it is frequently convenient to employ a Fahren¬ 
heit thermometer. The formulas for determining temperature rise 
in terms of both °F and °C follow. Allowable temperature rises may 
be converted from Centigrade to Fahrenheit by multiplying them 
by the fraction 9/5. Observed Fahrenheit temperature rises may be 
converted from Fahrenheit to Centigrade by multiplying them by 

the fraction 5/9. 


°C temperature rise = (234.5 + t c ) 


Ra 

Ra 


°F temperature rise = (390 + tf) 


Ra 

Ra 


°C temperature rise = 5/9 °F temperature rise 
°F temperature rise = 9/5 °C temperature rise 


t c = Ambient temperature in degrees Centigrade through¬ 
out test, and also represents the initial temperature of 
the coil being tested. 

tj = Ambient temperature in degrees Fahrenheit through- 
' out test, and also represents the initial temperature of 
the coil being tested. 

/U = Ohms increase in resistance (Plot resistance minus cold 
resistance) 

R A = Original resistance at ambient temperature. 
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With air conditioning becoming more popular in laboratories an 
alternate method of determining coil temperature rise becomes 
entirely practical. Any ordinary slide rule may have a special scale 
added that will give the temperature rise directly with a single 
setting, although this scale should be made at a particular ambient 

temperature. 

Fig. 343 shows in the center a special thermometer scale covering 
the usual range of ambient temperatures. Along the sides are shown 
equivalent centigrade and Fahrenheit scales. The special central 
scale employs centigrade size degrees but its zero is located at 38.6° 
K or —234.5° C. In other words, a thermometer calibrated in this 
manner reads 234.5° + °C ambient, which is the value used in all 
temperature rise formulas and the use of such a thermometer reduces 
the computations necessary where large numbers of temperature 
rise determinations are made. Such a thermometer can be secured 
from the H-B Instrument Company of Philadelphia. 

If testing is done in a laboratory having a uniform temperature of, 
let us say, 25.5° C or 260° on the special scale, a slide rule can be 
modified, as shown in Fig. 343, to read directly in temperature rise 
when the cold resistance on Scale C is set opposite the hot resistance 
on Scale D. In the case illustrated perhaps the cold resistance was 
104 ohms and the hot resistance was 134 ohms, then the index arrow 
at 260 on the C scale points to 75° rise on the special slide rule scale. 

For those not fortunate enough to have a constant temperature in 
the laboratory the special thermometer is of greater aid. Setting the 
cold and hot resistances opposite each other on the C and D scales, 
the actual hot temperature of the coil on D scale will appear opposite 
the ambient reading on the C scale or, again referring to Fig. 343, if 
the ambient reading on the special thermometer is 270° the actual 
temperature of the hot winding was 348° and the difference, or 
temperature rise, was 78° C. 
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TROUBLE SHOOTING 


Armature Fails to Close 


External Faults —Coil terminals receive no voltage or insufficient 

voltage. 

(a) Blown fuse. 

(b) Controlling contacts open. 

(c) Improper connections in wiring to coil. 

(d) Controlling instrument in off position. 

(e) Connections to coil open, shorted, grounded, or high re¬ 
sistance connections. 

(f) 24 hour clock, day and night reversed. 

(g) No or low line voltage. 

Internal Faults —Coil terminals receive proper voltage. 

(a) Mechanical binding due to deformed hinge, pigtail, or other 
parts. 

(b) Foreign material between armature and core. 

(c) Wrong coil wound for higher voltage than that available or 
wound for d-c current or lower frequency than that applied. 

(d) Defective terminals, do not solidly connect external leads 
to coil leads. 

(e) Normally closed contacts welded together due to severe 
overloads. 

(f) Improperly adjusted, excessive gap and/or retractile spring 
too strong. 

(g) Coil damaged, check for physical damage, screwdriver 
gouges, etc. 

(h) Defective coil. 


Armature Fails to Open 

External Faults —Coil is not completely de-energized. 

(a) Controlling contacts do not open. 

(b) Controlling contacts shorted or shunted. 

(c) Sneak circuit supplies current over unintentional path. 

(d) If you are sure coil receives no power, remove one of the 
coil leads or short circuit the coil terminals with a jumper 
and be doubly sure. 

Internal Faults —Coil is completely de-energized. 

(a) Gummy matter on pole face causes it to adhere to armature. 
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(b) Mechanical binding due to deformed hinge, pigtail, or other 
parts. 

(c) Residual magnetism. 

(d) Normally-open contacts welded together due to severe 
overloads. 

(e) Parts defective or improperly adjusted. No contact pressure 
spring. 

(f) Defective or improperly adjusted retractile spring. 

(g) Insufficient anti-freeze protection. 

(h) Improper mounting position (upside down). 

Excessive Hum on A-C Relay 

The amount of hum produced by a relay must be considered in 
connection with its surroundings. A doctor’s stethoscope, in a quiet 
room will disclose the fact that some hum is produced by almost any 
a-c operated relay, while in a boiler shop almost any amount of hum 
will pass unnoticed. If mounted solidly oni atlarge wooden panel in 

so tlat it if absolutely inaudible, either originally or throughout is 
life. On the other hand, a good relay should be entirely inaudible 
when it is either mounted so that it has no large resonant sounding 
board to amplify any slight hum it might normally produce, or when 
it is observed under the quietest conditions encountered in ordinary 

locations. _ . , ,, 

Hum usually results either from slight opening and closing of the 
armature, or from vibration of the laminations in cases where the 
magnetic structure is laminated. Where a swinging or hinged 
armature is employed it is possible to develop hum at the armature 
hinge unless all components are properly designed and fitted. A veiy 
slight pressure applied to various parts of the armature or, in the 
case of lamination hum, a gentle squeezing of the laminations, will 

usually disclose the source of the annoyance. 

In the most common case where the armature opens slightly 
between successive half cycles of the a-c supply the following points 

should be checked: 

External Faults 

(a) Insufficient voltage on coil. 

(1) Low line voltage. 

(2) Excessive resistance in coil circuit. 

(b) Improper mounting position. 

Internal Faults 

(a) Wrong relay, not designed for a-c operation or designed for 
operation at some other frequency or voltage. 
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(b) 


(c) 

(d) 

(e) 


Mechamcd binding due to deformed hinge, pigtail or other 

Excessively strong contact springs or retractile springs. 
Excessive non-freeze. 

Dirt under armature prevents proper closing. 


part oMheTri 8 dUC t0 l ft lT °J the ^mature from its hinge, some 
pait ot the frame is probably bent away from its normal nosition 

to hft’When nif Slgn fi d h ‘ nge ‘J 8 ori S inal c ond,tion does not tend 
to iiit when peak pull occurs at the pole face. 


Hum due to loose laminations is usually most difficult to correct 
i7instances, a loose rivet or bolt may be tightened. In others' 
rLit laminations are bowed and are vibrating between adjacent 

fine* the tS ’ ’? 1S feasible to disassemble the relay and 

mav unset a Th" atl0n f'ii Dri in S an< ? insertin S an extra bolt or rivet 
. > upset the caiefully calculated magnetic characteristics of flu* 

relay and proper correction is usually a factory .job 


Coil Overheating 

risIoTthe"cot| Va, T ety ° f ™ n w i0nS V lat con tribute to temperature 

standard practice to run the coil at a rather high temperature an I 

tio 1 lugh ambient temperatures, extremely low barometric pressure 
and heat radiated by surrounding devices all contribute to a coil’s 

L.Tif Ule ' Particularly in the case of series coils wound with 
laige size wue, it js possible for a considerable amount of heat to bo 

they are hof° Pnn COd ^'° Ugh Hs , lead8 from associated devices if 

Se Pa de^cesTre 8 cold a C ° d thr ° Ugh US '*** t0 nearby devioes if 

1 he most common reason for coil overheating is, of course the 
sttnd g t e hp f eXC f GSSlve curre l nt th ™ugh it. Most coils will safely with- 

be increased considerably. Although it will vary considerably from 

ature°rise afte^T de Y el ° P 50% of its maximu m temper- 
ature list after 10 minutes of continuous service. Therefore, in anv 

1IlteI Tal, it may develop twice rated power for half the 
duration ^jf the^uty cycle. ^ ***** P ° Wer f °'' ° ne - third of the 

th![ link! be borne in m A nd ’, if we is 1101 ’* 3 certain modifying factors, 

lormal voltage, or triple power results from the application of 1 73 
times normal voltage. The modifying factors referred to result from 


the increase in resistance of a hot coil, and the decrease in reactance 
of a very strongly energized a-c coil. This subject is covered more 
fully in the article on coils in Chapter 5. 

Although the majority of the coil temperature rise usually results 
directly from the heating effect of the current flow through the wire in 
I he coil, there are other sources of heating which may, under certain 
conditions, become predominant. If a relay designed for d-c service 
is used on alternating current, it is possible that excessive heat may 
be developed in the magnetic structure, due to eddy currents and 
hysteresis, and this heat wall be conducted into the coil. This effect 
will be much more pronounced if the relay coil is energized with 
power frequencies above those ordinarily encountered in commercial 
work, such as 400 cycles or 800 cycles, as these frequencies will 
usually cause a large amount of overheating, even in a-c relays 
designed for operation on low commercial frequencies. 

Whenever, for any reason, condensers are used in a-c coil circuits, 
it is always possible that the voltage applied to the coil as measured 
directly at the coil terminals may be considerably in excess of the 
line voltage. This effect is due to the fact that a voltage across a 
condenser is almost 180 degrees out of phase with the voltage across 
a relay coil connected in a series with it, and the difference between 
the condenser voltage and the coil voltage is equal to the line voltage. 

Coil overheating will, of course, result from an internal short circuit 
in the coil. An a-c coil wall overheat with only a few turns short 
circuited, and a d-c coil will overheat if any appreciable percentage 
of turns are short circuited. Such short circuits may result from 
mechanical, chemical or electrical mistreatment of the coil, or more 
rarely from inherent coil defects. 


Excessive Arcing at Contacts 

Except in the case where relay contacts are handling a negligible 
load, some visible arcing may always be expected at the contacts 
and, in the majority of instances, this arcing is quite apparent. 
Excessive arcing is considered an amount that would appreciably 
shorten the useful life of the contact. The destructive effect of an 
arc depends more on its duration than on its brilliance. If there is 
any tendency whatever for an arc to hold on after the contacts have 
opened, it may be considered an excessive arc. Similarly, any 
appreciable arc that is visible the instant the contact is closed may 
be considered excessive. 

Several types of loads such as mazda lamp loads or motor loads 
when operating on either a-c or d-c currents, or large solenoids 
operating on a-c current, or rectifier units feeding into a capacity 
type filter network, may draw an initial inrush current many times 
the normal steady flow. With such loads if the contacts flash when 
they close, trouble may be expected. Such flashing is usually due to 
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bouncing of the contacts, and the bounce may be reduced or elimi 
nated by reducing the contact gap to the minimum value that will 
safely interrupt the current when the contacts reopen. In extreme 
cases where it is necessary to secure a maximum contact life of 
millions of operations with a heavy load having a high inrush, it, In 
sometimes advisable to employ a special inrush reducing circuit jim 
shown in Fig. 130. 

The more usual arcing which occurs when contacts open should 
not persist for more than one-half a cycle if there is a-c current 
flowing through the contacts. Such a brief arc is seldom of any 
importance at the largest voltage ratings usually assigned to relay 
contacts. Excessive arcing when the contacts open to interrupt a d-c 
current may be reduced by the addition of electromagnetic or 
permanent magnet blow-outs; by the use of an absorption circuit 
consisting of a condenser, a resistor; or by a combination of a con¬ 
denser and a resistor, for which see Chapter 6. Where arcing is only 
slightly excessive, it may often be reduced by the substitution (if 
double-break contacts for single-break contacts, as the former have 
approximately three times the current interrupting capacity of the 
latter. 

Insufficient Contact Life 

The useful life of a contact is terminated either when the majority 
of the contact material has disappeared due to vaporization or wear, 
or when the contact facing has developed a crater so deep that the 
underlying base material has become exposed. 

Vaporization of the material due to arcing is the main offender, 
and the matter of excessive arcing has already been discussed. 
Ordinarily, a given contact may be expected to operate a definite 
number of times with a certain load and this figure will be quite 
uniform for the same type of contact and the same type of load. 
Decreased life may be expected if the operations are so frequent that 
the contact will be called upon to operate before it has cooled from 
the preceding operation. In general, if the contact’s supporting 
mechanism has been properly designed to furnish a small amount of 
“wipe,” small irregularities in the surface will tend to be ironed flat, 
whereas if the “wipe” is excessive, there will be excessive wear on 
the contact material. 

As many contacts suffer from excessive care as are injured by lack 
of care. The discoloration that occurs on the face of the contact may 
actually assist it in performing its duties, and unless the surrounding 
atmosphere has a high sulphur content, such discoloration should 
not be removed. If for any reason, such as extreme accidental over¬ 
loading, the contacts become very badly pitted, it will help them 
greatly to dress off any small point that may form with crocus cloth 
or fine sandpaper. Since the remaining life of the contact depends 
upon the amount of contact material after this operation, no more 
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material should be removed than is necessary to round off small 
points. After using any abrasive, particular care should be taken to 
remove all traces of the abrasive from the vicinity of the contact. 

Many types of relays have micrometer adjustments to position 
flic contact whereas, on other types, the contact supports may be 
hent slightly to secure the proper position for the contacts. In 
general, the contacts should be so positioned that they would con- 
linue to engage each other, even if all of the facing material were 
worn away. The exact procedure for accomplishing this adjustment 
will differ with different relays but, in all cases, the procedure is 
more or less self-evident after an examination of the relay involved. 

Where a number of instances are encountered in which contacts 
do not give their expected life, it is usually found that the load on 
the contacts is in some way more severe than had been anticipated 
when the contacts were specified. Frequently, a relay is specified 
to control a certain load which is subsequently increased without 
thought of its affect on the relay. Naturally, the relay contacts fail 
to last as long as they had when the load handled was smaller. 

Chapter 8 includes a normal relay guarantee showing the minimum 
life that may reasonably be expected from a standard relay. It is 
always advisable in cases of unsatisfactory life to estimate the 
number of operations that have been performed by the suspected 
contacts. Frequently it will be found that failing parts have operated 
millions of operations beyond their normal life. When estimating 
the number of operations that have occurred, check particularly for 
chatter. If, for any reason, the control contacts that cause the relay 
to operate have chattered and have caused the relay to close four 
or five times needlessly for every useful closure, actually the useful 
life of the contacts has been correspondingly reduced. 


Sluggish Operation 

As soon as the armature of an ordinary relay starts to move toward 
the core, the magnetic force operating on it is greatly increased and 
it accelerates more and more rapidly with the result that it closes 
with a definite snap. On rare occasions a relay will be found which 
closes sluggishly, and this is a definite sign of trouble except in 
those cases where the unit has been intentionally designed to operate 
in a sluggish manner. This condition may be encountered most 
frequently on alarm or supervisory relays that are operated rarely 
with long inactive intervals. In general, it is the fault of binding at 
the hinges, or perhaps excessive retractile spring strength. 
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Armature Fails to Open 

Should a relay armature fail to open when it is believed that the 
coil is deenergized, it is advisable first to check for voltage at the 
(■oil terminals to make sure that the coil is really deenergized. 
Where there is any doubt about this, a shunt coil should be open 
circuited by removing one of the coil leads and a series coil should 
be short circuited by placing a jumper directly from one coil terminal 
to the other. If, when this is done, the armature still does not open, 
the fault is internal. 

In many locations, but particularly in the presence of any machin¬ 
ery, the air may carry numerous small magnetic particles such as 
iron filings that become oil covered. These particles in great numbers 
will be attracted to the air gap of a relay. As a result, a gummy 
deposit may form between the armature and the pole face. Quite 
possibly this gummy deposit will never collect to such an extent as 
to interfere with the operation of any particular relay, but it is 
something to be watched for and to be suspected in the case of any 
malperformance. It is therefore suggested that, whenever a relay 
is serviced or inspected, a piece of paper be slipped in between the 
armature and the pole face. Then, while the armature is held gently 
closed by hand, the paper should be withdrawn and examined for 
smudges. This will disclose the most frequent cause of failures of 
the type discussed. If one relay of a bank of relays is so tested, and 
the slip of paper when withdrawn shows any easily perceptible 
smudge, all of the relays in the bank should be cleaned likewise at 
the first opportunity in order to forestall future failures resulting from 
this cause. 


low resistance and if a high resistance is connected in series with the 
relay coil. 

If the coil terminals do receive proper voltage and the armature 
still fails to close, then the fault must be in the relay. It is suggested 
that the armature first be operated by hand to make sure it is 
entirely free, and that the nameplate then be checked to ascertain 
that the relay is the correct one for the application. Various other 
possible faults are listed. The method of detecting and correcting 
any of these faults is obvious once they have been determined. 


A variety of other possible causes of such failures are listed. It 
should be borne in mind that the retractile spring plays only a 
minor role in opening the armature of any relay having normally- 
open contacts. The contact springs on a normally-open contact 
urge the armature open much more strongly than can the retractile 
spring, the latter merely holding the armature open after it has first 
been opened by other means. 1 


Armature Fails to Close 

If the armature of a relay fails to close when it is believed that it 
should, it is suggested that a systematic search for the trouble be 
conducted. First it should be determined whether or not sufficient 
activating power is actually available at the coil terminals. A 
tabulation is given showing several possible reasons for the failure 
of power to reach the coil. If a voltmeter is used to check the 
presence of voltage at the coil terminals, there is a possibility that 
the meter reading will be less than the true value if the meter has 
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TERMS and STANDARDS 


GUARANTEE 

Struthers-Dunn, Inc. guarantees the products it manufactures to 
meet the performance stated in printed publications or by its pro¬ 
posals and to be free of original defects in material or workmanship 
for a period of one (1) year from date of shipment from its factory. 
Struthers-Dunn, Inc. will repair or replace at its option, F.O.B. its 
factory, any part or parts which, upon inspection at its factory, are 
found to be defective within this period. Such defective part or parts 
to be returned to Struthers-Dunn, Inc., all transportation charges 
prepaid. Struthers-Dunn, Inc. shall not be held responsible for any 
charges involved in the renewal or replacement of material at the 
place of operation or for consequential damages arising out of any 
failures. 

Products of other manufacturers, furnished as components of 
Struthers-Dunn equipment, will carry the standard guarantees of 
the manufacturers involved. 


AMERICAN STANDARDS 
FOR INDUSTRIAL CONTROL APPARATUS 

Reprinted by permission of the American Institute of Electrical Engineers — AI EE No. 15 


TEMPERATURE TESTS 

A. Assembly of Apparatus 

Control apparatus is an assembly of parts or devices which, when 
assembled to form a controller, meet applicable temperature-rise 
limitations of the parts or devices involved. 

In calculating the over-all temperature rise of an enclosed con¬ 
troller, due allowance is made for the effect of the enclosure by adding 
to the temperature rise of the individual parts or devices in the open 
air the temperature rise of the air inside the enclosure. 

B. Method of Temperature Determination 

The temperature shall be determined in accordance with one of 
the following methods: 

1. Thermometer Method—The temperature shall be determined 
by mercury or alcohol thermometers, by resistance thermom¬ 
eters, or by thermocouples, any of these instruments being 
applied to the hottest part of the apparatus accessible to mer¬ 
cury or alcohol thermometers. 
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2. Resistance Method—The temperature shall be determined bv 
comparing the resistance of the winding at a temperature to bo 
determined with the resistance at a known temperature. 

C. Calculation of Coil Temperature 

When the electric resistance of a copper winding at some reference 

n’ S k - no ^ n > th ® mean temperature may be determined by 
using the following formula: y 

R 

T = -(234.5 + t) - 234.5 

r 

where: 

t = reference temperature in degrees C. 
r = resistance at reference temperature. 

R = observed resistance. 

T = temperature sought. 

Xote-This formula is derived from the experimentally determined 
i elation between temperature and resistance of copper* 

R 234.5 + T 
r 234.5 + t 

T ratU i r ?i nS f is tho difference between the calculated tern- 
of test T an<J the temperature of the cooling medium at the time 

D. Ambient Temperature 

1. Value of Ambient Temperature During Tests-The tempera¬ 
ture test may be made at any ambient temperature, preferably 
not below 10 C. It shall be assumed that the temperature rise 

of 10 andToT^ 3 amb,ent tem P er aWres between the limits 

2. Placing of Thermometers-The ambient temperature shall be 
measured by means of several thermometers placed at different 
points around the apparatus at a distance of 1 to 2 meters (3 to 
0 teet) and protected from drafts and abnormal heat radiation. 

medium meterS ^ b ® located in the P ath of the cooling 

3. Mean Temperature-The value to be adopted for the ambient 

temperature during a test is the mean of the readings of the 

thermometers (placed as specified in paragraph 2) taken at 

equal intervals of time during the last quarter of the duration 
ot the test. 

E. Altitude 

hor apparatus intended for operation at an altitude of 0000 feet 

or less, the temperature test shall be made at any altitude within 

this range, and no correction shall be applied to the observed tem¬ 
perature rise. 
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F. Covering of Glass Thermometers 

The bulbs of glass thermometers used for taking temperatures 
shall be covered by felt pads cemented to the apparatus, by oil putty 
or by cotton waste. 

The dimensions of felt pads for use with large apparatus shall be 
•1 cm by 5 cm by 3 mm thick (1.5 inch by 2 inches by % inch thick). 
The use of smaller pads is permissible on small apparatus. 

Note—The most suitable method of covering glass thermometers 
depends upon: 

1. Whether the temperature is being observed during the progress 
of the test and whether the thermometer is subjected to moving 
air. In this case, the thermometer covering should be a good 
heat insulator since the principal purpose of the covering is to 
protect the thermometer bulb from the cooling air. 

2. Whether the temperature is being observed during the test with 
the thermometer in still air or after the completion of the test 
run. In this case, the purpose of the thermometer covering is 
to improve the contact between the thermometer bulb and the 
surface whose temperature is being measured. 

G. Measurement of Temperature of the Device During Tests 

The temperatures of all stationary parts shall be measured during 
the progress of the test. Temperatures of movable parts shall be 
taken during the test if practicable and, in any case, as soon after 
the completion of the test run as possible. When the temperature of 
a part is measured during the test, the temperature shall also be 
measured after the completion of the test run, and the highest figure 
obtained shall be used. 

//. Duration of Test 

When ratings require tests for very short periods or at very heavy 
loads, the specified rating may be replaced for test purposes by an 
equivalent periodic rating having a longer duration than that speci¬ 
fied in paragraphs 1 and 2. 

1. Continuous Rating—The temperature test shall be continued 
until the temperature rise has attained a steady final value or 
until sufficient evidence is available to show that the tempera¬ 
ture rise would not exceed those specified in this Standard if 
the test were to be prolonged until the attainment of steady 
final values. 

2. Periodic Rating—The temperature test shall be made in accord¬ 
ance with the periods of load and rest specified by the rating 
of the apparatus and shall be continued for the total time 
required by the rating. The test shall commence only when the 
windings and other parts of the apparatus are within 5°C. of 
the cooling air temperature. 
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I. Enclosed Apparatus 

If enclosures arc provided as part of the apparatus, temperature 
tests shall be made with the enclosures in position. In the event 
that the manufacturer has made tests on duplicate apparatus, with 
and without enclosures, the test may be made without the enclosures, 
and a suitable correction shall be made in the results. 

J. Made by Manufacturer 

Control apparatus is ordinarily an assembly of standard parts or 
devices, and temperature tests are necessary only on those devices 
which embody new designs. Unless otherwise specified in this 
Standard, no temperature tests shall be made on control apparatus 
at the factory w r hen the manufacturer can furnish records of tem¬ 
perature tests made in accordance with this Standard on duplicate 
devices. 


PERFORMANCE STANDARDS 

Temperature Rise of Coils 

The temperature rise of coils above the ambient temperature, 
when the coils are tested in accordance with their ratings while 
mounted in the device with which they are intended to function, 
shall not exceed the values given in the following table. The tem¬ 
perature rise of shunt coils shall be determined by the resistance 
method. The temperature rise of series coils shall be determined by 
either the resistance or the thermometer method, whichever method 
is more practicable. 


Limit of Temperature Rise above Ambient Temperature. 

Degrees C (40°C maximum) 



*Method of 
Temperature 

Class of Insulation** 


Determination 

O 

A 

B 

C 

Insulated wire-wound coils 

Thermometer 

50 

65 

85 

No limit 
specified 


Resistance 

70 

85 

105 

No limit 
specified 

Single-layer series coils 
with uninsulated or 
enameled exposed surfaces 

Thermometer 


90*** 

■ ■ "■ 

No limit 
specified 


*See Temperature Tests. 

**The temperature rises shown in the table are based on many years of satisfactory 
experience and many tests by the industrial control industry with coils designed to, 
and operated at, temperature rise limits as indicated. 

♦♦♦This applies to coils having a fiber or some other similar insulating sleeve or 
collar which insulates the coil from the frame or core. 
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Temperature Rise of Contacts 
(Ambient temperature 40°C maximum) 

A The temperature rise of contacts above the ambient tempera¬ 
ture* when the contacts are tested in accordance with their ratings, 

shall not exceed the following: 

1. Laminated contacts 50°C 

2. Solid contacts 65°C 

B. The temperature rise shall be determined by the thermometei 

method. , 

C. This Standard does not apply to contacts wLich are mounted 

directly on resistor elements. 

Temperature Rise of Mechanical Parts . 

Mechanical parts which are not in contact with the insulation may 
reach such temperatures as will not be injurious in any respect. 

Temperature Rise of Buses , etc. 

(Ambient temperature 40°C maximum) . 

The temperature rise of buses, connecting straps and termina s 
above the ambient temperature, when this equipment is tested in 
accordance with its rating, shall not exceed 50 C The temperature 
rise shall be determined by the thermometer method. 

This Standard does not apply to connectors to a source of_heat 
(for example resistors, thermal heaters and power-tube anodes). 


DIELECTRIC TESTS 

A. Where Made 

Dielectric tests shall be made at the factory. 

B. Test Voltayes 

1. Apparatus Rated at 600 Volts or Less-7 he test voltage shall 
be 1000 volts plus twice the rated voltage (see paragraph 3 lor 

exception) , 

2. Apparatus Rated Above 000 Volts-The test voltage shall be 
2000 volts plus 2 times the rated voltage. 

Note-As a supplementary test, devices for outdoor use should 
be capable of withstanding for 10 seconds a dielectric wet test 
at 1000 volts plus twice the rated voltage. 

3. If control apparatus includes devices which are properly app i- 
cable to this equipment under these Standards but which do 
not normally fall within the scope of the Industrial Contro 
Standard and which require dielectric test voltages lower than 
those specified in paragraphs 1, 2, and 3, such devwes shal] 
disconnected and the remainder of the equipment subjected to 
the test. Typical examples are meters, instruments and pilot 

motors, lamp holders and snap switches. 
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4. Assembled Apparatus—Where a number of pieces of apparatus 
are assembled and tested as an electric unit, the test voltaic 
for this unit shall be 15 percent lower than the lowest test volt¬ 
age required on any of the individual pieces of apparatus. 

C. Frequency and Wave Shape of Test Voltage 

The frequency may be of any convenient value, and the shape of 
the wave shall be approximately a sine wave. Experience has shown 
that, with the comparatively low test voltages used for control 
apparatus, moderate variations in waveform or frequency have no 
appreciable influence on the effect of the test voltage. 

D. Measurement of Test Voltage 

The test voltage shall be measured by a voltmeter. 

In measuring the voltage, the voltmeter should derive its voltage 
from the high-voltage circuit either directly or through an auxiliary 
ratio transformer, or by means of a voltmeter coil placed in the 
testing transformer. 

E. Temperature at Which Tests are to be Made 

Dielectric tests shall be made at the temperature attained under 
normal operation or at the temperature attained under the conditions 
of commercial testing. 

F. Points of Application of Voltage 

. The test voltage shall be successively applied between each electric 
circuit and all other electric circuits and metal parts grounded. 

G. Duration of Test 

The test voltage for all switching and control apparatus shall bo 
applied continuously for a period of 60 seconds. If the test voltage 
is 2500 volts or less, the apparatus or devices may be tested for one 
second with a test voltage which is 20 percent higher than the 
one-minute test voltage. 

Au to transformers for motor starters shall be tested with the same 

voltage as the test voltage of the apparatus to which they are to 
be connected. 

Durability of Control A pparatus 

Parts or devices of control apparatus having moving parts or con¬ 
tacts which are subject to burning shall be capable of withstanding 
suitable endurance tests (depending upon the class of service) for 
mechanical durability or arc-rupturing ability or both. These tests 

shall be made by the manufacturer and shall not be required on 
duplicate devices. 
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Non ventilated enclosures shall be of the following types: 

Type 1 -General-Purpose 

A general-purpose enclosure is intended primarily to prevent ac¬ 
cidental contact with the enclosed apparatus. It is suitable for 
general-purpose applications indoors where it is not exposed to 
unusual service conditions. 

A Type I enclosure serves as a protection against dust and light, 
indirect splashing but is not dust-tight. 

When a nonventilated enclosure is specified for equipment con¬ 
sisting in part of devices which require ventilation (electron tubes, 
resistors, etc.) such devices may be mounted in a ventilated portion 
of the enclosure, provided that they are capable of operating satis¬ 
factorily and without hazard when so mounted. 

Type 2—Driptight 

A driptight enclosure is intended to prevent accidental contact 
with the enclosed apparatus and, in addition, is so constructed as to 
exclude falling moisture or dirt. 

A Type 2 enclosure is suitable for application where condensation 
may be severe such as is encountered in cooling rooms and laundries. 

Note: Driptight apparatus may be semi-enclosed apparatus il it is 
provided with suitable protection integral with the apparatus, or 
so enclosed as to exclude effectively Jailing solid or liquid matter. 

Type 3—Weather-Resistant ( Weatherproof ) 

A weather-resistant enclosure is intended to provide suitable pro¬ 
tection against specified weather hazards. It is suitable for use 
outdoors. 

A Type 3 enclosure is suitable for application outdoors on ship 
docks, canal locks, and construction work and for application in 
subways and tunnels. 

Type I+—Watertight 

A watertight enclosure is designed to meet the hose test described 
in the following note: 

A Type 4 enclosure is suitable for application outdoors on ship 
docks and in dairies, breweries, etc. 

Note: Enclosures shall be tested by subjection to a stream of water. 
A hose with a one-inch nozzle shall be used and shall deliver at 
least 65 gallons per minute. The water shall be directed on the 
enclosure from a distance of not less than 10 feet and for a period 
of 5 minutes. During this period, it may be directed in any one 
or more directions, as desired. There shall be no leakage of water 
into the enclosure under these conditions. 


557 



RELAY ENGINEERING — STRUTHERS-DUNN, INC. 


Type 5—Dust-tight 

A dust-tight enclosure is provided with gaskets or their equivalent 
to exclude dust. 

When a nonventilated enclosure is specified for equipment con¬ 
sisting in part of devices which require ventilation (electron tubes, 
resistors, etc.), such devices may be mounted in a ventilated portion 
ol the enclosures, provided that they are capable of operating satis¬ 
factorily and without hazard when so mounted. For enclosures 
suitable for Class 2 locations of the National Electrical Code, see 
Type 9 and 9-A. 

A T}^pe 5 enclosure is suitable for application in steel mills, cement, 
mills and other locations where it is desirable to exclude dust. 

Type 6—Submersible 

A Type 6 enclosure is suitable for application where equipment 
may be subject to submersion, as in quarries, mines and manholes. 

The design of the enclosures will depend upon the specified conditions 
of pressure and time. 

Type 7—Hazardous Locations ( A , B , C or D)* 

Class I—Air-Break 

These enclosures are designed to meet the application require¬ 
ments ol the National Electrical Code lor Class I, Hazardous Loca¬ 
tions, which may be in effect from time to time. In this type of 
equipment, the circuit interruption occurs in air. 

Type 8—Hazardous Locations (A, B , C, or D)* 

Class I—Oil-Immersed 

These enclosures are designed to meet the application require¬ 
ments of the National Electrical Code lor Class I, Hazardous Loca¬ 
tions, which may be in effect from time to time. The apparatus is 
immersed in oil. 

Type 9—Hazardous Locations ( E , F , or G ) * 

Class II 

These enclosures are designed to meet the application require¬ 
ments of the National Electrical Code for Class II, Hazardous 
Locations, which may be required from time to time. 

Type 10—Bureau of Mines—Explosionproof 

This enclosure is designed to meet the explosionproof requirements 
of the U. S. Bureau of Mines which may be in effect from time to 
time. It is suitable for use in gassy coal mines. 

Type 11 —A cid—Fume-Resistant—Oil-Immersed 

This enclosure provides for the immersion of the apparatus in oil 
such that it is suitable for application where the equipment is subject 
to acid or other corrosive fumes. 
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A Type 11 enclosure is suitable for application indoors where the 
equipment may be subject to corrosive acid or fumes as in chemical 
plants, plating rooms, sewage plants, etc. The apparatus is immersed 

in oil. 

Type 12—Industrial Use 

An industrial use enclosure is designed for use in those industries 
where it is desired to exclude such materials as dust, lint, fibers and 
flyings, oil seepage or coolant seepage. 

When a nonventilated enclosure is specified for equipment con¬ 
sisting in part of devices which require ventilation (electron tubes, 
resistors, etc.), such devices may be mounted in a ventilated porticm 
of the enclosure, provided they are capable of operating satis¬ 
factorily and without hazard when so mounted. 

Notes applying to all types. 

Note 1—When an enclosure is required to meet the requirements 
of gasproof or gas-tight, the selection of a suitable type will depend 
on whether protection is desired against corrosion or against ex¬ 
plosion and fire. 

Note 2—When an enclosure is required to meet the requirements 
of acid-resistant or fume-resistant, the design will depend on the 
conditions of the exposure. 

Note 3-In order to avoid confusion, in referring to equipment 
sometimes known as “explosion proof’ (Types 7 and 8), it is recom¬ 
mended that apparatus designed for use in Class I, Group A, 15, 
C, D locations be described in one of the following ways, whichever 

is applicable: 

1. Control listed by Underwriters’ Laboratories, Inc. for use in 
Class I, Group A, B, C, or D locations. 

2 Control designed to conform with the manufacturer’s inter¬ 
pretation of the requirements of Underwriters’ Laboratories, 

Inc. 

3. Control of a size and nature for which there are no existing 
Underwriters’ Laboratories, Inc. standards or testing facilities. 

*The letter , or letters , following the type number indicates the partic¬ 
ular group or groups of hazardous locations {as defined in the National 
Electrical Code ) for which the enclosure is designed. The designation is 
incomplete without a suffix letter , or letters. 
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LISTING OF PRODUCTS BY UNDERWRITERS 

LABORATORIES INC. 

Application for Tests 

Applicants desiring to secure an investigation and report on n 

product may address Underwriters Laboratories, Inc., at any one 

ot its testing stations or through any of its representatives, giving m 

lairly complete description of the product in order that its character, 

purpose, size, rating, and other features may be understood. Such 

information makes it possible to classify the product and determine 

at least in a general way, the probable nature and extent of the 

necessary examinations and tests. If available for the product 

concerned the applicant may obtain a copy of the Laboratory 

printed Standard, specifying construction and performance 
requirements. 

An application form is then sent, specifying in detail the character 
and number of samples to be furnished, the amount of the preliminary 
deposit required, the cost limit set, the work to be performed under 
the application, the type and extent of inspection service to be 
established if and when the product is found acceptable, and the 
limitations of responsibility of Underwriters Laboratories, Inc. 

Upon receipt of the signed application and preliminary deposit 
and upon receipt of drawings or samples, the investigation and tests 
(designated as New Work) are begun as soon as possible in view of 
whatever work may already be in progress. 

V details of the product, the applicant’s claims for it, 

and the tests proposed will be discussed either by correspondence or 
in an interview, and an appointment will be made for the applicant’s 
representatives to witness the tests if desired. 

Test Samples 

One sample of a large device is generally sufficient for test pur¬ 
poses. In many cases, however, especially those involving smaller 
devices, several samples may be required, the number depending 
upon the number and nature of the tests deemed necessary for the 
class. Examination and tests of products which cannot be shipped 
to the Laboratories readily, or of installed systems and devices, may 
be made at the applicant’s factory, or at the point of installation, at 
an additional cost, covering engineers’ round trip traveling expenses 

from the nearest office or from the principal office at Chicago as 
may be necessary. 

In the case of devices or systems involving a number of structural 

parts, or when heavy expense would be incurred for shipment, 

preliminary reports may be rendered upon receipt of an application 

with the required deposit, accompanied by drawings and complete 
description. 
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Time Required for Tests 

The time required for the completion of test work necessarily 
varies in accordance with the character of the device, system, or 
material, and the requirements under which it is to be examined. In 
each case, before commencing the test program, an indication is 
given of the time that should be required. 


Submission of Product Including Relays 

Where the product to be submitted includes relays, the use of 
listed relays will simplify the investigation. This is particularly true 
where the relay is used for general control purposes. In the case ol 
protective systems such as a burglar alarm or a fire alarm, the relay 
will be investigated with regard to its particular function in the 

electrical system. 

Relay components of larger apparatus may be approved for the 
specific application, although they might not be acceptable lor 

listing as industrial control devices. 

In case a particular industrial relay is used in a variety of different 
products, it is advantageous to have the relay listed as a unit, 
thereby simplifying the testing of all the different products in which 
it is used. Where a special relay is required for use in one particular 
product, it is simpler to secure approval of the relay as a part ol the 
device rather than to secure a more general approval of the relay. 

Spacings 

The spacings in industrial control equipment shall be not less than 
those indicated in the following table. Greater spacings may be 
required if the enclosure, because of its size, shape, or the material 
used, is not considered to be sufficiently rigid to warrant the mini¬ 
mum spacings. 

The spacing at a field wiring terminal is to be measured with wire 
of the appropriate size (for the rating) connected to the terminal as 
in actual service. Except for a terminal in a control circuit, the 
connected wire (if the terminal will accommodate it properly) is to 
be the next larger size than would normally be required, k or a 
control-circuit terminal, the connected wire is to be not smaller 

than No. 12 Awg. 

The spacings indicated in column B of the table are applicable 
also to horsepower-rated controllers (one horsepower or less) having 
supplementary current ratings (other than tor control clI ' cul t s ) oi 
not more than 15 amperes at 51-150 volts, 10 amperes at 151-300 
volts, nor 5 amperes at 301-000 volts. 

The spacings indicated in column C of the table apply only 
devices rated at 300 volts or less, and one horsepower or less or 1000 
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volt-amperes (or watts) or less. A switching device may also have 
anX7STm% y res U at eI l t 5 [-300 vofe. ° r leSS at 51 - 150 VoI,s 

m^neticSly'ope'rateTsvvitche^'nat'rated^n^horsepowm^and having 

S' than 15 


MINIMUM SPACINGS IN INCHES 


Potential Involved, 
in Volts 


Between any 
live part and 
lated live part 
polarity, un 
grounded part 
the enclosure, 
metal part 


uninsulated 
an uninsu- 
of opposite 
insulated 
other than 
or exposed 


Through 
air or oil 


Between any uninsulated 
live part and the walls of a 
metal enclosure, including 
fittings for conduit or ar¬ 
mored cable** 


Over 

Surface 


Shortest 

Distance 


A 

B 

General 

1 ndustrial 
Control 
Devices 

Motor 

Con¬ 

trollers 

1 HP or 
Less 

51- 

150 

151- 

300 

301- 

600 

51- 

300 

301- 

600 

Vs* 

X 

% 

Ae* 

Ae* 

X 

% 

X A 

X* 

3 A 

A 

X 

X A 

X 

A 


Other 

Devices 


51- 151- 

150 300 


M* X 


X X 


X X 
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* Definitions preceded bp an asterisk on the following pages are reproduced 
from the American Standard Definitions and Terminology for Relays, 

C88.16-1959, copyright 1959 by ASA, copies of which may be purchased 
from the American Standards Association at 10 East SfOth Street, 

New York 16, New York. 

a-c —Alternating current (as adjective only). 

Absorption Circuit —A circuit or network used to absorb un¬ 
wanted power. 

* Actuator —That part of the relay that converts electrical energy 
into mechanical work. 

*Add and Subtract Relay— A stepping relay that, can be pulsed to 
rotate the movable contact arm in either direction. 

* Adjustment —The modification of the shape or position of relay 
parts to affect one or more of the operating characteristics, i.e., 
armature gap, restoring spring, contact gap. 

Admittance —The reciprocal of impedance, a complex quantity. 
The unit of measurement is the mho. 

*Air Gap —Same as Gap, Air. 

Alternating Current— A current, the direction of which reverses 
at regularly recurring intervals, (a-c) 

Ambient Temperature, or ambient —The temperature of the 
surrounding cooling medium, such as gas or liquid which comes in 
contact with the heated parts of apparatus. 

Ammeter —An instrument for measuring electric current. 

Ampere —The practical unit oi intensity of electric current, being 
that current which is produced by one volt acting through a re¬ 
sistance of one ohm. 

Ampere-turn —The product of the number of turns composing a 
coil and the number of amperes flowing through the coil. 

Amplification Factor —In an electron tube, the ratio of the change 
in plate voltage to the change in grid voltage necessary to cause an 
equal change in the plate current. 

Amplifier— A device to magnify electric impulses, usually including 
one or more electron tubes, transistors and similar devices. 

Anion —Negatively charged ion. 

Anneal— Heat-treating to relieve strain, destroy magnetism. 

* Annunciator Relay —A relay that indicates visually whether a 
current is flowing or has flowed in one or more circuits. 
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Anode —Positive terminal of an electrical device. 

*Anti-Freeze Pin —Sometimes used for a non-magnetic armature 
stop. 

Arc —The luminous glow formed where an electric current is 
forced to flow through a gas or vacuum. 

Arc Path —The path traversed by an electric arc. 

*Ar mature —The moving magnetic member of an electromagnetic 
structure. 

^Armature, Balanced —An armature which is approximately in 
equilibrium with respect to both static and dynamic forces. 

^Armature, End-on —An armature whose motion is in the direction 
of the core axis, with the pole face at the end of the core and per¬ 
pendicular to this axis. 

*Armature, Flat Type —An armature which rotates about an axis 
perpendicular to that of the core, with the pole face on a side surface 
of the core. 

^Armature, Long Lever —An armature with an armature ratio 
greater than 1:1. 

^Armature Overtravel —That portion of the available stroke 
occurring after the contacts have touched. 

^Armature Ratio —Ratio of the distance through which the arma¬ 
ture stud or card moves to the armature travel. 

^Armature, Short Lever —An armature with an armature ratio of 
1:1, or less. 

^Armature, Side —An armature which rotates about an axis 
parallel to that of the core, with the pole face on a side surface of the 
core. 

Asynchronou s— N on-sy nc'hronous. 

Audio Frequency —A frequency corresponding to a normally 
audible sound wave. The limits ordinarily lie between 20 and 
20,000 cycles, per second. 

^Auxiliary Relay —(1) A relay which operates in response to the 
opening and closing of its operating circuit to assist another relay 
or device in the performance of a function. (2) Sometimes used for 
a relay which is actuated by a master relay, and controls secondary 
circuit functions such as signals, lights, or other devices. 

*Back Contacts —Sometimes used for Contacts, Normally Closed. 

Backlash —The jarring reaction caused in badly fitting machinery 
by irregularities in velocity or a reverse of motion. Also, the 
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distance or clearance through which one part of connected machinery, 
as a gear, pin, or screw, can be moved without moving the connected 
parts, resulting from looseness in fitting or from wear; hence, the 
play or movement permitted by this clearance. ij 

^Backstop —That part of the relay which limits the movement of the 
armature away from the pole face or core. In some relays a normally 
closed contact may serve as backstop. 

Back Voltage —See Reverse Voltage. 

Bakelite —A trade-mark applied to certain plastics. Usually a 
synthetic resin formed by the condensation of phenols and formal¬ 
dehyde. It is of high electrical and chemical resistance. 

Ballast —A device employed to reduce variations. If the imped¬ 
ance of a circuit varies widely, a ballast resistor having a constant 
resistance or a resistance varying in the opposite direction to the 
impedance of the device will, when connected in series, reduce the 
variations in impedance of the combination. 

*Bank —Same as Level. 

Bellows —Any variable volume chamber having one or more flexible 
walls. 

Beryllium —A metallic element. When combined with copper, 
the resulting alloy is strong, light, resistant to corrosion, and has 
excellent qualities for springs and contact conductors when properly 
heat-treated. 

*Bias, Electrical —An electrically produced force tending to move 
the armature towards a given position. 

*Bias, Magnetic —A steady magnetic field applied to the magnetic 
circuit of a relay. 

*Bias, Mechanical —A mechanical force tending to move the arma¬ 
ture towards a given position. 

Bi-metal —This term is used to describe a form of sheet metal 
consisting of two separate laminations intimately bonded together. 

The laminations have different coefficients of thermal expansion so 
that, when heated, one of the laminations tends to expand more than 
the other, thus causing the composite sheet to warp. 

*Bi metal lie Element —An actuating element consisting of two 
strips of metal with different coefficients of thermal expansion bound 
together in such a way that the internal strains caused by temper¬ 
ature changes bend the compound strip. 

Binding Post Terminal —A terminal consisting of a fixed, threaded 
stud and a clamping nut. 

*Blades —Sometimes used for Springs, Contact. 
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Blowout Coil —A device to establish a magnetic field in space 
where an electrical circuit is broken. The magnetic field so established 
displaces the arc, lengthening it and helping to extinguish it. 

^Blowout Magnet —A permanent magnet device which establishes 
a magnetic field in the space where an electrical circuit is broken and 
helps to extinguish the arc by displacing it. 

Bobbin —Insulated spool upon which the coil of a magnet is wound. 

^Bounce, Armature —Same as Rebound, Armature. 

^Bounce, Contact —Sometimes used for Chatter, Contact, when 
internally caused. 

Brake —A frictional or magnetic device to retard the motion of 
some other device. 

Break —In electrical circuits, an opening or interruption of the 
circuit. When a device interrupts a circuit in two different places 
simultaneously, it is described as double-break. 

Break-before-Make —This term is used in connection with double¬ 
throw contacts where the moving contact, in transferring from 
either position to the other, interrupts one circuit before establishing 
the other. 

Bridge Circuit —A mesh or network of circuits in which the electri¬ 
cal characteristics of one portion of the circuit are compared with 
the characteristics of another portion. A typical bridge circuit is 
shown in Fig. 184. 

^Bridging —(1) A result of contact erosion, wherein a metallic pro¬ 
trusion or bridge is built up between opposite contact faces to cause 
an electrical path between them. (2) A form of contact erosion 
occurring on the break of a low-voltage, low-inductance circuit, at 
the instant of separation, that results in melting and resolidifying of 
contact metal in the form of a metallic protrusion or bridge. (3) 
Make-before-break contact action, as when a wiper touches two 
successive contacts simultaneously while moving from one to the 
other. 

* Brush —Same as Wiper. 

‘Buffer, Spring —Sometimes used for Stud, Spring. 

*Bushing —Sometimes used for Stud, Spring. 

C —Used to denote capacity or capacitance; the unit of measurement 
is the farad. In this book, c is used to denote a microfarad or 
1/1,000,000 of a farad, a more practical value for ordinary use. 

Cadmium —A metallic element largely used for electro-plating, 
particularly where such plating must be applied to ferrous material. 
Such plating has a silver appearance and may have either a frosted 
or mirror finish. 
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Cam —A machine element, so shaped that when it moves in one 
direction it will impart motion in a different direction to an associated 
element, known as a cam follower. 

Capacitative Reactance— The property of a condenser that 
opposes the flow of alternating current through it. 1 he unit ot 
measurement is the ohm. It is a complex or vector quantity and is 
opposite in direction and therefore tends to cancel inductive re¬ 
actance. 

Carbon Filament— This term is used to describe a type of in¬ 
candescent lamp once widely used for illumination but now used 
only where the negative temperature coefficient of resistance ol the 
filament is employed as a ballast resistor, or for some similar purpose 

in an electrical circuit. 

*Card, Armature —An insulating member used to link the movable 
springs to the armature. 

Carrier Current— The term used to describe a relatively high 
frequency current that is modulated in various ways to transmit in¬ 
formation. Its use permits a number of different circuits ol this 
type to be carried over a common wire. Carrier currents carried by 
wire are in many ways similar to radio frequency waves transmitted 

through space. 

Cathode —Negative pole or electrode of an electrolytic cell, vacuum 
tube, etc. 

Ceramic —Inorganic material made from minerals at extremely 
high temperatures, such as glass, porcelain, glass bonded mica, 

lava, etc. 

Characteristic, Operate Time— The relation between the oper¬ 
ate time of an electromagnetic relay and the operate power. 

Characteristic, Slow Release Time —The relation between the 
release time of an electromagnetic relay and the conductance ot the 
winding circuit or of the conductor (sleeve or slug) used to delay 
release The conductance in this definition is the quantity N /K 
where N is the number of turns and R is the resistance of the closed 
winding circuit. (For a sleeve or slug N = 1.) 

Characteristic, Static— The static force displacement character¬ 
istic of the spring system or of the actuating system. 

Chatter, Contact— The undesired intermittent closure of open 
contacts or opening of closed contacts. It may occur either when the 
relay is operated or released or when the relay is subjected to external 

shock or vibration. 

Chatter, Contact, Armature Hesitation —Chatter ascribed to 
delay or momentary reversal in direction of the armature motion 
during either the operate or the release stroke. 
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Chatter, Contact, Armature Impact— Chatter ascribed to 
vibration of the relay structure caused by impact of the armature on 
the pole piece in operation, or on the backstop in release. 

*Chatter, Contact, Armature Rebound —Chatter ascribed to the 
partial return of the armature to its operated position as a result of 
rebound from the backstop in release. 

Externa,| y Caused —Chatter resulting from 
shock or vibration imposed on the relay by external action. 

*Chatter, Contact, External Shock —Chatter ascribed to impact 
experienced by the relay or by the apparatus of which it forms a part. 

Chatter, Contact, Initial —Chatter ascribed to vibration pro¬ 
duced by opening or closing the contacts themselves, as by contact 
impact in closure. 

*Chatter, Contact, Internally Caused —Chatter resulting from 
the operation or release of the relay. 

*Chatter, Contact, Transmitted Vibration— Chatter ascribed to 

vibration originating outside the relay, and transmitted to it through 
its mounting. 

*Chatter Time —Same as Time, Chatter. 

. . | A an electrical circuit, a current limiting device usually 

in the form of an inductance. 

Choke Input Filter— An electrical filter in which the initial element 
encountered by the entering current is an inductance. 

Circuit— The complete path of an electric current, including usually, 
the generating device; also by extension any portion of such a path! 

Circuit Breaker— A circuit breaker is a device for interrupting a 
circuit between separable contacts under normal or abnormal con¬ 
ditions. Ordinarily, circuit breakers are required to operate only 
infrequently, although some classes of breakers are suitable for 
frequent operation. 

Circular Mil —A unit used for the measurement of the area of the 
cross section of wires. It is the area of a circle, the diameter of 
which is one mil. The area of the cross section of a wire in circular 
mils is equal to the diameter in mils squared, or, in other words, the 
diameter in inches squared, multiplied by one million. 

^Clapper —An armature which is hinged or pivoted. 

Close Differential —In an electromagnetic device, such as a relay, 
the property of transferring from the normal to the operated position 
and from the operated position back to the normal position, in 
response to small changes in operating voltage or current. 1 
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*Coaxial Relay— A type of relay designed to switch high frequency 
circuits. 

Coded Cam —In a motor-driven, cam-operated circuit making and 
breaking device, a cam formed in such a way as to open and close 
the contact in conformance with a definite program. 

Coefficient of Expansion, Temperature —A measure of the 
increase in length, area, or volume, of a substance when subjected 
to temperature changes. 

Coefficient of Resistance, Temperature— A measure of the 
increase in resistance of a conductor when subjected to temperature 
changes. The actual formula for the change is given on page 537. 

Coercive Force —The demagnetizing force necessary to remove the 
residual magnetism of a magnet. 

Coil —In an electromagnetic device, a component consisting of a 
number of turns of wire, together with the insulation and the neces¬ 
sary mechanical supports to maintain its form. 

*Coil, Concentric Wound —A coil with two or more insulated 
windings, wound one over the other. 

*Coil Dissipation —The amount of electrical power consumed by a 
winding. For the most practical purposes, this equals the PR loss. 

Coil Frame —In a relay, that portion of the magnetic structure 
supporting and surrounding the coil. 

*Coil Resistance— The total terminal to terminal resistance of a 
coil at a specified temperature. 

*Coil Serving —A covering, such as thread or tape, which protects 
the winding from mechanical damage. 

*Coil Temperature Rise —The increase in temperature of a winding 
above the ambient temperature when energized under specified 
conditions for a given period of time, usually the time required to 
reach a stable temperature. 

*Coil Terminal —A device, such as a solder lug, binding post, or 
similar fitting, to which the coil power supply is connected. 

*Coil Tube —An insulated tube upon which a coil is wound. 

Cold Flow —Change of dimensions or distortion caused by sustained 
application of a force greater than the elastic limit. 

Cold Molding —A procedure in which a composition is shaped at 
ordinary temperatures and hardened by subsequent baking. 

*Comb —An insulating member used to position a group of contact 
springs. 

Commutator —Any piece of rotating electrical equipment having 
a number of exposed electrical contacts that are brought successively 
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mutator 8 r“tates With °“° ° f stationar y conta cts as the com- 

Conductance— In an electrical circuit, that property which dis¬ 
tinguishes conductors from insulators and which permits the rela- 

thefmhT w h f 6 G - triC C w en ^ The unit of measurement is 
the mho, which is the reciprocal of the resistance in ohms. 

Conductivity, Electrical— The conductivity of a material is the 

Dorti on 'oiPthp C rn* c | u c ^ a , n ? e between the opposite, parallel faces of a 
portion of the material having unit length and unit cross section. 

Conductivity, Thermal— Capability of conducting heat Nu- 

uidt^area of e i Q nh!l tlty h° f he fA tbat P asses in uni ^ time through a 
faces differ in temperature by one degree. opposite 

Contact— In devices used for making and breaking electrirn.1 
rupture^ ^ COmponent that ^engages to cause the actual circuit 

‘Contact, Armature— (1) A contact mounted directly on the 
armature. (2) Sometimes used for Contact, Movable. 

♦Contact Arrangement— The combination of contact forms thal 
make up the entire relay switching structure. 

Xontact Combination— (1) The total assembly of contacts on a 
relay. (2) Sometimes used for Contact Form. ° n a 

♦Contact, Fixed— Same as Contact, Stationary. 

"Contact, Follow —Same as Follow, Contact. 

♦Contact Form— A single pole contact assembly. 

F ‘ J ” ctionin 9— The establishment of the specified elec¬ 
trical state of the contacts as a continuous condition. 

♦Contact Gap— Same as Contact Separation. 

Contact Letters— See Contact Letter Code, Chapter 2, page 92. 

♦Contact, Movable— The member of a contact pair that is moved 
directly by the actuating system. moved 

♦Contact Pole— Sometimes used for Contact, Movable. 

*C on tact Separation— The distance between mating contacts 
when the contacts are open. g contacts 

* ^tionary-The member of a contact pair that is not 
moved directly by the actuating system. 

^°, ntaCt !“ The curr ent-carrying parts of a relay that engage or 
disengage to open or close electrical circuits. 

Contacts, Auxiliary Contacts of lower current capacitv than the 
main contacts; used to keep the coil energized 
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operating circuit is open, to operate an audible or visual signal indi¬ 
cating the position of the main contacts, or to establish interlocking 

circuits, etc. 

♦Contacts, Back—Sometimes used for Contacts, Normally Closed. 

♦Contacts, Break—Same as Contacts, Normally Closed. 

♦Contacts, Break-Make—A contact form in which one contact 
opens its connection to another contact and then closes its connection 
to a third contact. 

♦Contacts, Bridging—A contact form in which the moving contact 
touches two stationary contacts simultaneously during transfer. 

♦Contacts, Continuity Transfer—Sometimes used for Contacts, 
Make-Break. 

♦Contacts, Double Break—A contact form in which one contact is 
normally closed in simultaneous connection with two other contacts. 

♦Contacts, Double Make—A contact form in which one contact, 
which is normally open, makes simultaneous connection when closed 
with two other independent contacts. 

♦Contacts, Dry—(1) Contacts which neither break nor make cur¬ 
rent. (2) Erroneously used for Contacts, Low Level. 

♦Contacts, Early—Sometimes used for Contacts, Preliminary. 

♦Contacts, Front—Sometimes used for Contacts, Normally Open. 

♦Contacts, Interrupter—An additional set of contacts on a step¬ 
ping relay, operated directly by the armature. 

♦Contacts, Late—Contacts that open or close after other contacts 
when the relay is operated. 

♦Contacts, Low Capacitance—A type of contact construction 
providing low intercontact capacitance. 

♦Contacts, Low Level—Contacts which control only the flow of 
relatively small currents in relatively low-voltage circuits; e.g., 
alternating currents and voltages encountered in voice or tone 
circuits, direct currents, and voltages of the order of microamperes 

and microvolts, etc. 

♦Contacts, Make—Same as Contacts, Normally. Open. 

♦Contacts, Make-Break—A contact form in which one contact 
closes connection to another contact and then opens its prior connec¬ 
tion to a third contact. 

♦Contacts, Multiple Break—Contacts that open a circuit in two 
or more places. 

♦Contacts, Non-Bridging—A contact arrangement in which the 
opening contact opens before the closing contact closes. 
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X 1.^ * 1 * i • « —A contact pair which is closed when 

the coil is not energized. 

^Contacts, Normally Open —A contact pair which is open when 
the coil is not energized. 

'Contacts, Off-Normal— Contacts on a multiple switch that are in 
one condition when the relay is in its normal position and in the 
reverse condition lor any other position of the relay. 

Contacts, Preliminary Contacts which open or close in advance 
oi other contacts when the relay is operating. 

‘Contacts, Sealed— A contact assembly that is sealed in a compart¬ 
ment separate from the rest of the relay. 

Action A contact assembly having two or more 
equilibrium positions, in one of which the contacts remain with sub¬ 
stantially constant contact pressure during the initial motion of the 
actuating member, until a condition is reached at which stored 
energy snaps the contacts to a new position of equilibrium. 

^Contacts, Transfer— Sometimes used for Contacts, Break-Make. 

Contactor— A magnetically-operated device, for repeatedly estab¬ 
lishing and interrupting an electric power circuit. This term is 
usually applied to larger devices for controlling power above five 
kilowatts, whereas the term relay is ordinarily employed below five 

kilowatts 1 he terms relay and contactor are often used inter¬ 
changeably. 

ContTo 1 Duty Contact— A contact having a rating sufficiently 
high to control the amount of power ordinarily encountered in 
control circuits but insufficient to handle heavy loads. 

Convecf'on— Movement of gas liquid currents due to temperature 
differences in the gas. 

"Core— The magnetic member about which the coil is wound. 

Corona— The discharge of electricity which appears on the surface 
oi a conductor when the potential gradient exceeds a certain value. 

Coulomb— The measure of the quantity of electricity that passes a 
given point in a conductor in a given time. This quantity is numeri¬ 
cally equal to the product of the current in amperes and the time 
in seconds. 

’"Critical Voltage (Current)— That voltage (current) which will 
just maintain thermal relay contacts operated. 

Cup Washer A washer formed with a recess in one side to retain 

compression springs or on binding post terminals to prevent escape 
ol connecting wire strands. F 

Current Rating— The nominal or name plate current carrying 
capacity of a device. A number of factors may govern this, as it 
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will usually be larger for momentary duty than for continuous duty 
and in many cases is established by arbitrary rules. 

♦Current-Balance Relay— A current-balance relay is one that 
operates when the magnitude of one current exceeds the magnitude 
of a similar current by a predetermined degree. 

♦Current Relay —A current relay is one that functions at a predeter¬ 
mined value of current. It may be an overcurrent relay, an under¬ 
current relay, or a combination of both. 

Cycle —In an alternating current, a complete period consisting of a 
positive and negative semi-period. 

Cycle— In a mechanical device, a complete program of operations 
as required to return the device to the same condition that existed 

at the beginning of the cycle. 

♦Cycle Timer —A controlling mechanism that opens or closes con¬ 
tacts according to a preset cycle. 

d-c —Direct current. (As adjective only.) 

♦Damping Ring, Mechanical— A loose member mounted on a 
contact spring to reduce contact chatter. 

♦Dashpot —A dashpot is a device using a gas or liquid to absorb 
energy, or retard the movement, of the moving parts oi a circuit 

breaker or other electric device. 

Decay —Term used to describe the gradual decrease of current or 
flux when the original emf or mmf that caused it is removed. 

♦De-energize— To disconnect the relay from its power source. 

♦Delay Relay —A relay having an assured time interval between 
energization and operation or between de-energization and release. 

Delta— Connection of a three-phase system so that the individual 
phase elements are connected across pairs of the three power leads, 

i.e, AB, BC, CA. 

Delta-Wye —A method of connecting three transformers so that 
the primary windings are delta connected and the secondary wind¬ 
ings are wye (star) connected. 

Detent —A catch or holding device. In a relay this may be a 
magnetic or mechanical device. 

Dielectric Strength— The property of an insulating material 
which determines the maximum potential gradient that the ma¬ 
terial can withstand without rupture. 

♦Differential Relay— A relay with multiple windings which func¬ 
tions when the voltage, current, or power difference between the 
windings reaches a predetermined value. 

Direct Current —A uniform unidirectional current. 
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Discharge, Electrical—Passage of current through gases or 
vacuum. 

current that flows in a circuit con¬ 
necting the terminals of a condenser after the latter has been dis¬ 
connected from its charging potential. 

Domination—In control circuits incorporating a plurality of pilot 
devices, circuit arrangements are provided to cause one pilot device to 
have domination over another pilot device with which it may conflict. 

®oub\e-break—(db) A form of contact construction eliminating 
flexible leads, in which a current carrying member bridges a gap in 
an otherwise complete circuit, thus breaking the circuit at two 
adjacent points, one at each end of the bridging member. 

Double-pole—(dp) A contact arrangement having two separate 
and completely isolated current paths permitting two independent 
circuits to be switched simultaneously or permitting a single circuit 
to be interrupted at two different points. 

Double-throw—(dt) A contact arrangement in which a moving 
contact may be transferred to engage either of two relatively station¬ 
ary contacts. 

K Drop-out—Same as Release. 

1 Duty Cycle—A statement of energized and deenergized time in 
repetitious operation, as: 2 seconds on, 6 seconds off. 

Duty Cycle, Momentary—This is a duty cycle in which the work¬ 
ing period is so brief that no appreciable temperature rise is caused 
in which case the rating will be limited only by voltage breakdown’ 
or some factor other than the heating. 

Duty Cycle, Intermittent—This is a cycle in which an electrical 
device must dissipate, during idling periods, excessive heat developed 
during working periods. The idling time between successive work¬ 
ing periods becomes of first importance. 

Duty Cycle, Continuous—Any cycle in which an electrical device 
experiences a working period of sufficient duration to bring it to the 
same temperature that it would experience if continuously operated. 

Dynamic Brake—A system of braking usually employed in con¬ 
nection with motor-driven equipment in which the motor becomes a 
generator, and the power that was stored in the kinetic energy of 
the moving parts is transformed into electrical energy and this, in 
turn, is either returned to the source that originally' operated the 
motor or is dissipated in the form of heat. 

E—Used to denote electromotive force or voltage; the unit of 
measurement is the volt. 

Eddy Current—An induced electric current that circulates through 
the body of a conducting material due to a changing magnetic field 
passing through the material. 
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Electrode—A conductor through which a current enters or leaves 
an electrolytic cell, vacuum tube or similar device. 

Electrolysis— The conduction of electricity through an ionized 
liquid by migration of the ions. It is usually accompanied by chemical 
action and/or the release of gas at the electrodes. 

Electromagnet—A magnet that derives its magnetism from the 
flow of an electric current in a nearby conductor. 

Electromagnetic Relay-The adjective eicdromaffneiic may be 
used to distinguish the types of relays discussed in tins handbook 
from certain servo and similar mechanical devices that are frequently 
referred to as relays. Electrically operated relays, other than electro¬ 
magnetic types, also include thermally operated units and piezo¬ 
electric and electrostatic types, etc. 

Electromotive Force (emf)-The property of a physical device 
which tends to produce an electric current in a circuit, itml is 
measured in volts and, in a hydraulic analogy, is comparable to 

pressure. 

Electron—The elementary charge of negative electricity. 

Electrostatic Field—The electric field of an electrically charged 
body at rest. 

Elkaloy, Elkonite, Elkonium— Trade-names of contact materials. 

♦Electrothermal Expansion Element—An actuating element in 
the form of a wire strip or other shape having a high coefficient ot 

thermal expansion. 

♦Enclosed Relay—A relay which has both coil and contacts pro¬ 
tected from the surrounding medium. 

♦End-on Armature Relay—Same as Armature, End-on. 

Energize—’To apply power to. Usually accomplished by connecting 
to a power source or by removing a short circuit and permitting 
power already present in the circuit to reach the device energized. 

Escapement— In mechanics, usually a combination of a toothed 
wheel and lever, used to retard the rotation of devices such as 

clock works. 

Extending Timer—A timer arranged so that a brief operation of the 
control circuit has a prolonged effect on the controlled circuit. 

Evelet Terminal—A terminal in the form of an eyelet to permit 
connections to be made to an electrical device through the same studs 

that support the device. 

f_Used to denote frequency; the unit of measurement is cycle 

per second. 

Fault Current—A current, usually transient, that flows in an 
electrical circuit because of a defect in the circuit. 
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Feature Number —See page 97. 

Ferromagnetic Material —Iron, steeJ, or alloys of these materials 
having a permeability considerably greater than that of a vacuum. 

Ferrous —Pertaining to or derived from iron. 

Filament —Shaped like a thread. In an incandescent lamp, the fine 
wire that is heated to incandescence by the passage of an electric 
current through it. 

Filter, Electrical —A combination of circuit elements that will pass 
desired components or frequencies of the electrical power applied to 
it and which will absorb unwanted components. The most common 
forms of such filters are known as T filters and tt filters because of the 
resemblance of the shape of these letters to the circuit connecting the 
three elements composing such filters. 

Fixed Contact— See Contact, Stationary. 

*Flasher Relay —A self-interrupting relay. 

*Flat Type Relay —Same as Armature, Flat Type. 

Fleming’s Rule —See Fig. 277. 

Flux —See Magnetic Flux. 

Fluxmeter —See Chapter 7, page 519. 

Flux Density —See Magnetic Flux Density. 

* Follow, Contact —The displacement of a stated point on the 
contact actuating member following initial closure of a contact. 

* Follow Stiffness, Contact— The rate of change of contact force 
per unit contact follow. 

* Fra me —The main supporting portion of a relay. This may include 
parts of the magnetic structure. 

Frame Numbers —See page 79. 

* Freezing, Magnetic —Sticking of the relay armature to the core as 
a result of residual-magnetism. 

Frequency —Symbol f. Rate of performing complete cycles. Many 
units are used. In alternating power practice the unit is cycles 
per second. 

♦Frequency, Operating —The rated a-c frequency of the supply 
voltage at which the relay is designed to operate. 

* Frequency Sensitive Relay —A relay which operates when ener¬ 
gized with voltage, current, or power within specific frequency bands. 
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* Fritting —Contact erosion in which the electrical discharge makes 
a hole through the film and produces molten matter which is drawn 
into the hole by electrostatic forces and solidifies there to form a 
conducting bridge. 

* Front Contacts —Sometimes used for normally open contacts. 

Full Wave —Term used to describe a rectifier, or the output of a 
rectifier, that rectifies both positive and negative portions of the 
applied alternating current wave and automatically superposes these 
two components to produce a unidirectional current output that is 
more or less continuous, although varying greatly in magnitude 
unless filtered. 

♦Functioning Time —The time between energization and operation 
or between de-energization and release. 

♦Functioning Value —The value of applied voltage, current, or 
power at which the relay operates or releases. 

Fungicides —Fungus and mold destroying substances. 

g— Used to denote acceleration due to gravity. Accepted value, 
32.16 feet per second per second. 

♦Gap, Air —Air space between the armature and the pole piece. This 
is used in some relays instead of a nonmagnetic separator to provide 
a break in the magnetic circuit. 

♦Gap, Armature —The distance between armature and pole face. 
♦Gap, Contact —See Contact Separation. 

♦Gap, Magnetic —Nonmagnetic portion of a magnetic circuit. 

♦Gasket Sealed Relay —A relay in an enclosure sealed with a gasket. 

Gauss —The C.G.S. unit of intensity of magnetic field. It is equal 
to a field of one line of force or one maxwell per square centimeter. 

♦General Purpose Relay —A relay that is adaptable to a variety of 
applications. 

Gilbert— The C.G.S. unit of magnetomotive force, equivalent to 10 
divided by 4?r or 0.7958 ampere-turns. 

Glyptol —Trade-name of a lacquer. 

Gram, Gramme —The fundamental unit of mass or weight in the 
metric and C.G.S. systems; one one-thousandth of a kilogram. 28.35 
grams equal one ounce. 

Grid —In a vacuum tube, an electrode that establishes an electro¬ 
static field in its vicinity, thereby controlling the migration of 
electrons through its interstices. 
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*HCL: High, Common, Low—A type of relay control used in such 
devices as thermostats, and in relays operated by them, in which 11 
momentary contact between the common lead and another load 
operates the relay, which then remains operated until a momentary 
contact between the common lead and a third lead causes the relay 
to return to its original position. 

Half Wave—Term used to describe a rectifier, or the output of a 
rectifier, that rectifies alternate half waves of the applied alternating 
current. It produces a unidirectional series of output pulses. The 
output pulses are separated by gaps, approximately equivalent in 

duration to the pulses. 

* Header—The subassembly that provides support and insulation t o 
the leads passing through the walls of a sealed relay. 

* Heater—A resistor that converts electrical energy into heat for 
operating a thermal relay. 

*Heel Piece—The portion of a magnetic circuit of a relay that is 
attached to the end of the core remote from the armature. 

Helix—Having the shape of a screw thread. 

hermetically Sealed Relay—A relay in a gas-tight enclosure 
which has been completely scaled by fusion or other comparable 
means to insure a low rate of gas leakage over a long period of time. 

* Hesitation, Armature—Delay or momentary reversal of arma¬ 
ture motion in either the operate or release stroke. 

*Hinge—The joint that permits movement of the armature relative 
to the stationary parts of the relay structure. 

*Hold—A specified functioning value at which no relay meeting the 
specification may release. 

homing Relay—A stepping relay that returns to a specified stark 
ing position prior to each operating cycle. 

hot-Wire Relay—A relay in which the operating current flown 
directly through a tension member whose thermal expansion actuaten 

the relay. 

housing—An enclosure for one or more relays, with or without 
accessories, usually providing access to the terminals. 

hum—The sound emitted by relays when their coils are energized 
by alternating current or in some cases by unfiltered rectified currents 

Hygroscopic—Property of absorbing moisture. 

Hysteresis, Magnetic—A term applied to a certain magnetic 
property of iron. It causes a power loss when iron is magnetized ami 
demagnetized, due to the fact that the change in magnetic flux in the 
iron lags behind the change in mmf that causes it. 

578 


TERMS 


|:—Used to denote intensity of current flow; the unit of measurement 
is the ampere. 

Immediate Recycling Timer—A timing device which, after 
introducing its delay, can be restored to its initial position without 

appreciable loss of time. 

Impedance—Measure of opposition to flow of current, particularly 
alternating current. It is a vector quantity and is the vector sum of 
resistance and reactance. The unit of measurement is the ohm. 

Impulse—A relatively brief surge of power. 

*1 mpulse Relay—(1) A relay that stores enough energy from a brief 
impulse to continue to complete operation after the impulse ends. 
(2) A relay that distinguishes between impulses, operating on long 
or strong ones, and not operating on short or weak ones. (3) bame as 

Integrating Relay. 

*1 mpulse Transmitting Relay—A relay that closes a set of con¬ 
tacts briefly while going from the energized to the de-energized posi¬ 
tion or vice versa. 

Inductance—That property of an electric circuit by virtue of which 
a varying current induces an electromotive force in that circuit or 

in a neighboring circuit. 

Induction, Electromagnetic—Act or process by which an electro¬ 
motive force is produced in a circuit by varying the magnetic held 

linked with the circuit. 

Inductive—Adjective applying to a device or circuit having the 
property of inductance. 

Inertia—That property of matter (mass) which resists acceleration 
or deceleration. This term is also used at times to describe other 
phenomena that resist change as “thermal inertia.” 

inertia Relay—A relay with added weights or other modifications 
that increase its moment of inertia in order either to slow it or to 
cause it to continue in motion alter the energizing force ends. 

Inrush—A property of some types of electrical loads which causes 
them to draw a brief current when first connected to a line that is 
substantially greater than the steady value of the current they draw 
when continuously connected. 

Insulation, Electrical—Non-conductors of electricity employed 
in electrical apparatus to prevent the electric current from following 

undesired paths. 

instrument Relay—A relay whose operation depends upon prin¬ 
ciples employed in measuring instruments such as the electrodynamo¬ 
meter, iron vane, D’Arsonval galvanometer, and moving magnet. 

integrating Relay—A relay that sums up the on, off, and various 
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magnitudes of voltage or current supplied to it and opens or closes its 
contacts in response to the integrated input. A thermal relay ener¬ 
gized by pulses varying in magnitude and duration is an example. 

Integrating Timer —A timing device that sums up or integrates a 
plurality of small time intervals and eventually functions in more or 
less the same manner as though these several individual intervals 
had been combined into one longer interval. 

Integrator —A device for summing up small components. 

interlock Relay —A relay with two or more armatures having a 
mechanical linkage, or an electrical interconnection, or both, whereby 
the position of one armature permits, prevents, or causes motion of 
another armature. 

Interpolation —A method of finding from given terms of a series, 
as of numbers or observations, other intermediate terms. 

*lnverse Time —A qualifying term applied to a relay indicating that 
its time of operation decreases as the magnitude of the operating 
quantity increases. 

Inverter —A device used to convert Direct Current to Alternating 
Current. 

Ion —An electrified portion of matter of subatomic, atomic or 
molecular dimensions. 

Ionization —The process of producing ions. When one or more 
electrons are displaced or knocked out of a gas molecule the gas is 
said to be ionized. In this condition, gases become conductors of 
electricity. The ionized molecule is known as an ion. 

Iron Loss —In electromagnetic apparatus, the power lost in the 
iron. It is a combination of hysteresis losses and eddy current losses. 

Keying —A term used in telegraphy and pertaining to the breaking 
and making of the transmission into code signals. As an average 
figure, twenty-four dots, separated by equal spaces, represent one 
word. Therefore, transmitting at the rate of 50 words per minute 
requires a keying relay to transmit 1200 such dots per minute. 

Kinetic Energy —Energy due to motion. 

L—Used to denote inductance or coefficient of self-inductance; the 
unit of measurement is the henry. 

^Latching Relay —A relay having contacts that lock in either the 
energized or de-energized positions, or both, until reset either 
manually or electrically. 

*Lead, Finish —The outer termination of the coil. 

0 

*Lead, Inside —Same as Lead, Start. 
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*Lead, Outside—Same as Lead, Finish. 

*Lead, Start—The inner termination of the coil. 

Leakage, Electric—Electric currents diverted from their proper 
path, usually by flowing through or over material that is supposed 
to prevent their passage. 

^Leakage Flux—That portion of the magnetic flux that does not 
cross the armature to pole-face gap. 

Leakage, Magnetic—Magnetic flux diverted from its proper 
channel through ferromagnetic parts provided for its passage. 

* Level—A series of contacts served by one wiper in a stepping relay. 

* Lifter, Armature—Same as Stud, Armature. 

Limit, Elastic—The maximum stress that does not permanently 
alter the size or shape of a spring or similar structural member. 

Limit, Proportional—The maximum stress for which a linear 
relationship exists between stress and strain. 

Limit, Fatigue—The maximum stress for which failure will not 
result from repeated applications of the stress cycle. 

Limit, Drift—The maximum stress for which continued constant 
load results in ultimate deflection no more than 1% greater than that 
of initial deflection. 

Limit Switch—A mechanically operated contact making or break¬ 
ing device, usually mounted in the path of a moving object, to be 
actuated by the passage of the object. 

Limiting Timer, Limiter—A timing device designed or connected 
so that it establishes a maximum time limit within which some 
function may or must occur. 

Line Voltage—From the standpoint of a particular electrically 
operated device, the rms value of the voltage available at its term¬ 
inals to cause or to control its operation. 

*Load Curves—The static force displacement characteristic of the 
total load of the relay. 

Lock-up, Electrical—In relay circuits, a connection whereby a 
contact of the relay is interconnected with the contact of the device 
that controls the relay so that, when the latter operates momentarily, 
the relay contact duplicates its action more permanently. 

Lock-up, Mechanical—In a relay, any latching mechanical device 
arranged to maintain the relay in some position which it has assumed 
due to the brief operation of the contact in a controlling device. 

* Lock-Up Relay—(1) A relay that locks in the energized position by 
means of permanent magnetic bias (requiring a reverse pulse for 


581 




























RELAY ENGINEERING — STRUTHERS-DUNN, INC. 


releasing) or by means of a set of auxiliary contacts that keeps its coil 
energized until the circuit is interrupted. Differs from a latching 
relay in that locking is accomplished magnetically or electrically 
rather than mechanically. (2) Sometimes used for Latching Relay. 

Loop Circuit —In burglar and fire alarm circuits, a series circuit 
through the protected area. It may include components such as 
fusible links to detect fire and metallic tape on window panes to 
detect broken glass. 

Lumarith— Trade-name of a plastic. 

M bB —Make-break. 

Magnetic Circuit —A closed path of magnetic flux. 

Magnetic Field —The portion of space near a permanent magnet or 
a current carrying conductor in which the magnetic forces due to 
the magnet or current are detectable. 

Magnetic Flux, Flux —The magnetic flow or current that passes 

through any magnetic circuit. The C.G.S. magnetic unit is the 
maxwell. 

Magnetic Flux Density, Flux Density —Magnetic flux per unit 

cross sectional area. 

Magnetic Induction —Act or process by which a magnetizable 
body becomes magnetized when in a magnetic field or in the magnetic 
flux set up by a magnetomotive force. 

Magnetic Pole —That part of the magnet where the magnetic flux 

leaves or enters the iron and where the external magnetic effects 
appear. 

Magnetizing Force— 3C or gradient of magnetic potential. The 
rate of change of magnetic potential with respect to distance. 
In a region ol unit permeability, the magnetizing force is numerically 
equal to the magnetic flux density. The name of the C.G.S. magnetic 
unit is the oersted, or gilbert per centimeter. A numerically related 
hybrid is the ampere-turn per centimeter or per inch. 

Magnetomotive Force (mmf)—That which produces magnetic 
flux. The analogy in the magnetic circuit of electromotive force in the 
electric circuit. The gilbert is the international unit of mmf in the 
C.G.S. magnetic system. The practical unit is the ampere-turn 
which is 4 tt/ 10 or 1.257 gilberts. 

*M a g netostrictive Relay— A relay that functions as a result of 
dimensional changes occurring in a magnetic material subjected to 
a magnetic field. 

Make —Two contacts are said to “make” when they touch so as to 
establish an electrical circuit. Occasionally the term “make contact” 
is employed to describe normally-open contacts that close, or make, 
in their operated position and open, or break, when they return to 
their normal position. 
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Make before Break — (make-break) —This term is used in con¬ 
nection with double-throw contacts where the moving contact, in 
transferring from either position to the other, establishes a new 
circuit before interrupting the circuit previously established. 

Manual —Capable of being operated by personal intervention. 

* Marginal Relay —A relay that functions in response to predeter¬ 
mined changes in the value of the coil current or voltage. 

Maxwell —The C.G.S. unit of magnetic flux. It is the flux produced 
by a magnetomotive force of one gilbert in a magnetic circuit of unit 
reluctance. Also defined in terms of induced electromotive force as 
follows: One volt of potential is produced when a conductor cuts 10 8 
maxwells of flux per second. 

Mechanical Latch-in —Term used to describe a relay employing 
mechanical lock-up. 

* Mechanically Timed Relays —Relays that are timed mechan¬ 
ically by such features as clockwork, escapement, bellows, or dashpot. 

Memory Contact —A contact that remains in its last position until 
operated by external means, thus retaining a record or “memory” 
of the nature of the control that last caused it to function. 

* Memory Relay —(1) A relay having two or more coils, each of 
which may operate independent sets of contacts, and another set of 
contacts that remains in a position determined by the coil last ener¬ 
gized. (2) Sometimes erroneously used for Polarized Relay. 

* Mercury Relay —A relay in which the movement of mercury opens 
and closes contacts. 

* Meter Relay —Sometimes used for Instrument Relay. 

Micalex, Micalite, Mykroy —Trade-names of glass bonded micas. 

M icro —A prefix meaning very small or one millionth. A micro-inch 
equals one millionth of an inch. 

Milliammeter —An electric current indicating meter calibrated in 
milliamperes. 

Millivoltmeter —An electric voltage indicating meter calibrated 
in millivolts. 

Mold fungus —Woolly or furry growth of air-borne micro-organisms 
forming on surfaces exposed to warm humid atmospheres. 

*Motor-Driven Relay —A relay whose contacts are actuated by the 
rotation of a motor shaft. 

* Mounting Plane —The plane to which the relay mounting surface 
is fastened. 









^ M ulti-Position Relay —A relay that has more than one operate or 
non-operate position; e.g., a stepping relay. 

Multiple —In electrical circuits, a method of connecting two or 
more devices so that one terminal of each of the several devices is 
connected together, and the other terminal of each of the several 
devices is also connected together. Also called “shunt” or parallel 
connection. 

Multi pie-break —In an electrical circuit, an interruption or break at 
two or more points. The term is also used to describe the device for 
causing a plurality of breaks in a circuit. Several small breaks 
frequently permit the use of a much smaller device than would be 
necessary if a single equivalent large break were introduced in 
the circuit. 

N —Used to denote number of turns. 

‘‘Neutral Relay —A relay whose operation is independent of the 
direction of the coil current. 

Non-ferrous —Not containing, including or pertaining to, iron; 
relating to metals other than iron. 

“Non-Freeze Pin —Sometimes used for Stop, Armature, Non¬ 
magnetic. 

“Non-Operate Value —A specified functioning value at which no 
relay meeting the specification may operate. 

Non-snap Action —A term used to describe the action of a pair of 
cooperating contacts that open and close sluggishly, or which may 
open so slightly as to fail to interrupt an arc, or may close with such 
light pressure that they fail to establish an electrical circuit. 

Non-synchronous —(Also Asynchronous) A term used to describe 
a-c motors, such as induction motors, which rotate at a speed other 
than synchronous. The speed of a non-synchronous motor usually 

varies somewhat with applied voltage and inversely with variations 
in load. 

“Normal Condition —The de-energized condition of the relay. 

Normal Position —The position, open or closed, assumed by a 
contact due to the effect of spring force or gravity. In the case of a 
relay, the normal position of the contacts is their position when the 
relay coil is de-energized. It is distinct from the operated position 
which the contacts assume when the relay coil is energized. In the 
case of thermostats, pressure operated contacts, etc., the normal 
position is usually considered to be that which the contacts assume 
when the device is disconnected from any associated equipment and 
subjected to normal room temperature, pressure, humidity, etc. 

Normally-open —A term used to describe a contact which inter¬ 
rupts the circuit through it when in its normal position. 
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Normally-closed—A term used to describe a contact which 
establishes a circuit when in its normal position. 

Ohm—Unit of electrical resistance. 

Ohm meter—Instrument for measuring resistance in ohms directly; 
usually an indicating type of instrument. 

Ohm’s Law—The law of the flow of unvarying currents, whereby 
the strength of the current varies directly as the emf and inversely 
as the resistance of the circuit; usually expressed in symbols as I = 
E/R, where I is the current (in amperes); E is the electromotive 
force, (in volts); and R is the resistance (in ohms). 

“Open Relay—An unenclosed relay. 

“Operate—The condition attained by a relay when all contacts have 
functioned. See also Time, Actuation, Contact. 

“Operate Time—Same as Time, Operate. 

“Operate Value, Just—The measured functioning value at which a 
particular relay operates. 

“Operate Value, Must—A specified functioning value at which all 
relays meeting the specification must operate. 

Optimum—The best or most favorable degree, quantity, number, 
etc. 

Oscillatory Current—An electric current which reverses its direc¬ 
tion in a circuit in a periodic manner, the frequency being dependent 
solely on the constants of the system. 

Oscillatory Surge—A surge which reverses its direction. 

Oscillogram—Autographic record made by an oscillograph. 

Oscillograph—Device for recording voltage or current wave forms 
or other electrical phenomena, either repetitive or transient. 

Oscilloscope—Device for showing visually those phenomena which 
an oscillograph records. 

Overload—Any current in excess of rated capacity of a conductor 
or device. Also used as an adjective to describe a device to protect 
other equipment in case of overload. 

“Overtravel—(1) Same as Armature Overt ravel. (2) Same as Wipe, 
Contact. (3) Amount of contact wipe. 

Oxide—A compound of oxygen with an element or radical, as iron 
oxide, ethyl oxide. 

P—The initial of Struthers-Dunn type relays indicating delayed 
action. 

Palladium—A rare metallic element of the platinum group, physi¬ 
cally resembling platinum, used alone or in alloys as a contact material. 
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Parallel—See Multiple. 

Paw| A machine element, usually in the form of a pivoted tongue, 
arranged to engage teeth in a ratchet to transmit motion in one 

direction bUt t0 SWlng free and not transmit motion in the opposite 

Permeability—The reciprocal of reluctivity. A property of matter 
traversed by a magnetic field. In a magnetic circuit, permeability 
is comparable to conductivity in an electrical circuit. * 

magnetfc l1 flux _The recipr0cal of reIu( Tance. Conducting power for 

Phantom Circuit—A circuit superposed in such a way that, 

«,« __ _ _ i. i • i •. ■ • . * ^ ^ ^ several circuits 

are neutralized, permitting them to operate isolated circuits. 

Phase—Term used in connection with repeating phenomena, such 
as rotation or recurring variations in amplitude. If two such varia¬ 
tions occur m step with each other, they are said to be “in phase,” 
whereas if they reach identical points in their cycle at different 
moments they are said to be “out of phase.” In a-c transmission over 
a single pair of wires, the magnitude and direction of the current 
vanes cyclically, and this is termed “single-phase transmission.” 
V\ hen such power is transmitted over more than two wires and the 
voltage between the several wires varies cyclicallv and at the same 
frequency, but the two or more voltages do not reach their peak at 
the same instant and are therefore out of phase with each other, the 
tiansmission is said to be “polyphase.” A transmission system in 
v Inch two such out-of-phase voltages may be measured wherein such 
voltage passes through zero at the instant the other becomes a 
maximum is known as two-phase.” Where three such out-of-phase 
voltages may be measured and where the several voltages reach their 
corresponding maximum values at intervals of one-third of the 
complete cycle time, the system is known as “three-phase.” More 
than three phases are uncommon except in certain rectifier circuits, 
where six-phase is common, and this may be obtained directly from 
a three-phase supply. See the rectifier article in Chapter 6. The time 
of one complete cycle is considered 360° and when one phenomenon 
follows another by a fraction of a cycle, they are said to differ by a 
phase angle and this phase angle may be specified in degrees. 

Phototube—A vacuum or gas-filled device, the resistance of which 
is controlled by the amount of incident light. 

Pigtail—-A short flexible band or lead of stranded or braided copper 
wire used for electrical connections. 

* Pickup Value—Sometimes used for Operate Value, Must. 

™ I*™ SGt +l ° f C0I ^ ct ar ? ls » assemblies, or springs, fastened one 
on top of the other with insulation between them. 
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Pilot Circuit—A controlling circuit including one or more pilot 
instruments connected to govern the operation of relays or similar 
controlled devices. 

Pilot Contacts—Contacts, the opening, closing, or transfer of which 
govern an operation of relays or similarly controlled devices. 

Pilot Instrument—A device, including pilot contacts, that trans¬ 
lates the physical conditions to which it is subjected into circuit 
conditions that control associated equipment. A list of such pilot 
instruments is given in Chapter 2. 

Plastics—The general term applied to any of a large group of syn¬ 
thetic materials molded, extruded or cast under heat and/or pressure 
into various shapes. 

*PI unger Relay—A relay operated by a movable core or plunger 
through solenoid action. 

^Pneumatic Bellows—Gas-filled bellows, sometimes used with 
plunger type relays to obtain time delay. 

Polarity, Electrical—Term applied to electrical circuits and 
indicates which terminal is positive and which is negative. 

Polarity, Magnetic—Term applied to magnets to indicate which 
pole is north and which is south. 

Polarized—In a d-c operated relay, the ability to determine the 
direction of the current flow. 

^Polarized Relay—A relay whose operation is dependent upon the 
polarity of the energizing current. 

*Pole, Double—A term applied to a contact arrangement to denote 
that it includes two separate contact forms; i.e., two single-pole 
contact assemblies. 

*Pole Face—The part of the magnetic structure at the end of the 
core nearest the armature. 

Pole, Magnetic—The portion of the iron structure of a permanent 
magnet or electromagnet where flux enters or leaves the iron. 

*Pole Piece—The end of an electromagnet, sometimes separable 
from the main section, and usually shaped so as to distribute the 
magnetic field in a pattern best suited to the application. 

Pole, Relay or Switch—The word “pole,” preceded by single, 
double, triple, or some number, indicates the number of separate 
isolated circuits simultaneously controlled by the contacts of the 
device. 

*Pole, Single—A term applied to a contact arrangement to denote 
that all contacts in the arrangement connect in one position or 
another, to a common contact. 
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i * j * lo change, by union of two or more molecules of thf 
same kind, into another compound having the same elements in the 

same proportions, but a higher molecular weight and different 
physical properties. 

Polyphase —See Phase. 

Potentiometer— An instrument for comparing or measuring electro¬ 
motive forces. The term is most generally used to describe a device 
consisting of one or more series connected resistance elements having 
a fixed terminal at each end and a third terminal connected to a 

variable tap that may be connected to various points of the resistance 
element or elements. 

Power 1 he rate ol transfer of energy, as the amount of work done 
by an engine in unit time or the amount of energy absorbed in an 
electric system in unit time. r l he units most commonly used are the 
horsepower and the watt. One horsepower equals approximately 740 
watts. One watt equals one joule per second. ^ 

Power Factor— The ratio of the true power (see watt) to the volt- 

amperes. The value is always unity or less than unity. With an 

inductive load the power factor is said to lag and with a capacitative 

load it is said to lead. When the wave form is sinusoidal the power 

factor is equal to the cosine of the phase angle between the voltage 
and current waves. 

Preventer A term applied to a device or a component of a device, 
the main function of which is to prevent the operation of some other 
device or some component of another device. 

Prony Brake A form of friction brake or absorption dynamometer 

in which the torque on a flywheel friction block is weighed by meann 
of a scale. 

‘Pull Curves— The force-displacement characteristics of the actu¬ 
ating system of the relay. 

Pull-In or Pick-Up —In an electromagnetic device, the attraction 

ol the armature or, by inference, the increased voltage or current in 

the coil or the increased flux in the magnetic structure causing the 
armature to pull in. 

:i: Pull-in Value— Sometimes used for Operate Value, Must. 

—A current which has regularly recurring 
variations in magnitude, usually unidirectional. 

Pulse An impulse or a voltage or current of brief duration. 
*Pusher —Sometimes used for Stud, Armature. J 

Q— Used to denote the quantity of electricity; the unit of measure¬ 
ment is the coulomb. 

Quench Circuit Circuit devised to reduce arcs to a minimum. 
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R—Used to denote resistance; the unit of measurement is the ohm. 
rms—See Root Mean Square. 

* Ratchet Relay—A stepping relay actuated by an armature-driven 
ratchet. 

Rating—A designation, as established by definite standards, of an 
operating limit of a device. The rating may be expressed in horse¬ 
power, kilowatts, volts, amperes, or other limiting factors. 

* Rating, Contact—A statement of the conditions under which a 
contact will perform satisfactorily. 

* Rating, Short-Time—The highest value of current or voltage that 
(he relay can stand without injury for specified short-time intervals. 
(For a-c circuits, the rms total value, including the d-c component, 
should be used.) The rating recognizes the limitations imposed by 
both thermal and electromagnetic effects. 

Ratio—The quotient of one magnitude divided by another of the 
same kind. 

Reactance—That component of the impedance of an alternating 
current circuit which is due to capacitance or inductance or both. It 
is a vector quantity expressed in ohms. 

* Rebound, Armature—Return motion of the armature following 
impact on the backstop. 

Rectifier —A device or apparatus that passes current in one direc¬ 
tion, usually used for converting an alternating or oscillating current 
into a unidirectional current. 

Rectified Current—A current that has been converted from an 
alternating current into a unidirectional current, either by suppres¬ 
sing alternate half cycles, or by reversing their direction. 

Recycling—To pass again through an operating cycle. 

* Relay—An electrically controlled device that opens and closes 
electrical contacts to effect the operation of other devices in the same 
or another electrical circuit. 

* Relay, a-c—A relay designed for operation from an alternating- 
current source. 

Relay, Clapper—A relay having a hinged armature. 

* Relay, d-c—A relay designed for operation from a direct-current 
source. 

Relay, Delay—A relay having intentional sluggishness so that 
appreciable time elapses before it completes its task. 

* Relay, Dry Circuit—Erroneously used for a relay with either dry 
or low level contacts. 
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*Relay, Electromagnetic —A relay, controlled by electromagnetic 
means, that opens and closes electrical contacts. | 

* Relay, Electrostatic —A relay in which the actuator element con¬ 
sists of nonconducting media separating two or more conductor! 
that change their relative positions because of the mutual attraction 
or repulsion by electric charges applied to the conductors. 

* Relay, Electrostrictive —A relay in which an electrostrictive 
dielectric serves as the actuator. 

Relay, Instantaneous —A relay having no intentional delay. 

Relay, Overload —A relay that functions under abnormal circuit con¬ 
ditions, usually for the purpose of protecting associated equipment. 

Relay, Plunger —A relay having a sliding armature with one air gap 
within the operating coil. * 

* Relay, Thermal —A relay which is actuated by the heating effect 

of an electric current. I 

*Relay, Three-Position —Sometimes used for a center stable polar 
relay. 

* Release —The condition attained by a relay when all contacts have 
functioned and the armature (where applicable) has reached a fully 
opened position. 

:i: Release Value, Just —The measured functioning value for tho 
release of a particular relay. 

* Release Value, Must —A specified functioning value, at which all 
relays meeting the specification must release. 

Reluctance —Obstruction to magnetic flow. In a simple magnetio 
circuit, the ratio of the mmf to the magnetic flux. One gilbert mmf 
acting on a magnetic circuit of unit reluctance produces one maxwell 
of flux. 

Reluctivity —Specific reluctance, numerically equal to the reluc¬ 
tance of a unit cube of a substance between any pair of opposito 
parallel faces. ' 

Remote Control —Remote control is a term applied to power 
operated devices controlled from a distant point and to the equip¬ 
ment permitting such remote operation. 

*Reset, Automatic —(1) A stepping relay that returns to its homo 
position either when it reaches a predetermined contact position, or 
when a pulsing circuit fails to energize the driving coil within a given 
time. May either pulse forward or be spring reset to the home posi¬ 
tion. (2) An overload relay that restores the circuit as soon as an 
overcurrent situation is corrected. 

* Reset, Electrical —A qualifying term applied to a relay to indicate 
that it may be reset electrically after an operation. 
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* Reset, Manual —A qualifying term applied to a relay to indicate 
that it may be reset manually after an operation. 

* Residual Gap —Sometimes used for Stop, Armature, Nonmagnetic. 

Residual Magnetism— The magnetic flux which exists in a mate¬ 
rial, usually iron, after the removal of the magnetizing force. 

Resistance —The opposition offered by a substance or body to the 
passage through it of an electric current It is the reciprocal of 
conductance. The unit of measurement is the ohm. 

Resistance, Contact— The resistance to current passing between 
cooperating contacts. 

Resistivity or Specific Resistance— The ratio of potential gradient 
in a conductor to the current density thereby produced 1 he specific 
resistance of a substance is numerically equal to the resistance 
offered by a unit cube of the substance as measured between a pair 
of opposite parallel faces. A unit such as the ohm-cm. is usually 

preferred. 

Resistor— A device used in electrical circuits, the chief property of 
which is electrical resistance. 

Resonant— Having characteristics that encourage response to 
vibrations of a given frequency. 

Retentivity— That property of a material measured by the residual 
induction corresponding to the saturation induction of the material. 
The unit is the gauss. The material property that is essential in 
permanent magnet stock but which gives rise to unwanted residual 

magnetism in many relay applications. 

Retractile Spring— The spring that tends to open the armature of 
an electromagnetic device and which holds the armature open when 
its force is not overcome by magnetic attraction. 

Reverse Voltage —Many devices, such as storage batteries (or 
motors and solenoids when their armatures are in motion) are a 
source of voltage. When a voltage is applied to such devices from 
some external source, this externally applied voltage is usually 
greater than the voltage generated m the device itself. The voltage 
generated in the device is known as the “back voltage and the 
difference between the applied voltage and the back voltage is 
available to cause current flow through the device.- 

Ring or Slug Retard— A heavy conductor surrounding the iron 
flux path in a relay to retard the establishment or the decay of flux 

in that path. 

Ringing Current —Low frequency current, usually 16 2/3 or 20 
cycles per second, used for ringing telephone bells. 

Ripple Frequency— In a fluctuating unidirectional current, the 
frequency of the fluctuations. 
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Root Mean Square (rms)-The square root of the arithmetical 
mean of the squares of a series of values. The rms value of an alter¬ 
nating current produces the same amount of heat in flowing through 
a pure resistance as the same value of direct current. The rms value 
of a pure sine wave is 70.7% of the peak or maximum value. 

* Rotary Relay —(1) A relay whose armature moves in rotation to 
close the gap between two or more pole faces (usually with a balanced 
armature). (2) Sometimes used for Stepping Relay. 

* Rotary Solenoid Relay —A relay in which the linear motion of the 
plunger is converted mechanically into rotary motion. 

*Saturation —The condition attained in a magnetic material when 
an increase in field intensity produces no further increase in flux 
density. 

♦Sealing —Sometimes used for Seating. 

♦Seating —The magnetic positioning of an armature in its final 
desired location. 

Search Coil —A small coil of wire which, when attached to a 
ballistic galvanometer, oscilloscope or similar instrument, may be 
used to study the nature of a magnetic field by virtue of the currents 
induced in it when it is moved from point to point in the field. 

Selective —Pertaining to or designating the degree of ability of a 
circuit or apparatus to respond to a desired frequency and not 
to others. 

Semi-phantom Circuit —Having some of the properties of a 
phantom circuit (q.v.). 

Sensitive Contacts —Contacts as found in some types of pilot 
instruments that, due to their delicacy, require special provisions to 
prevent welding, pitting or burning. 

♦Sensitive Relay —A relay that operates on comparatively low 
input power. 

Sensitivity —The ability to function on an extremely small amount 
of power input. 

Sequence Domination —In a control circuit, the domination of a 
particular pilot device determined by the sequence or relative instant 
of operation. See Domination. 

♦Sequential Relay —A relay that controls two or more sets of con¬ 
tacts in a predetermined sequence. 

Series —Term used to describe a circuit or device having its parts 
connected in tandem so that the current passes successively through 
each of the several components. 

♦Series Relay —Sometimes used for Current Relay. 

♦Shading Coil —Sometimes used for Shading Ring. 


♦Shading Ring— A shorted turn surrounding a portion of the pole 
of an alternating-current magnet, producing a delay of the change 
of the magnetic field in that part, thereby tending to prevent chatter 
and reduce hum. 

Shelf Life— The time that elapses before an unused device becomes 
inoperative due to age and decay. 

♦Shields, Electrostatic Spring— Grounded conducting members 
located between two relay springs to minimize electrostatic coupling. 

♦Shim, Nonmagnetic —Sometimes used for Stop, Armature, 
Nonmagnetic. 

Short Circuit —Connection of negligible resistance, whether made 
accidentally or intentionally, between two points of different poten¬ 
tial in a circuit. 

Shunt (noun) —A conductor joining two points in a circuit so as to 
form a parallel or derived circuit through which a portion of the 
current may pass, as for the purpose of regulating the amount pass¬ 
ing in the main circuit. 

Shunt (verb) —To provide an alternate current path. 

Shunt (adjective) —Used to describe a circuit or a device for use 
in a circuit that provides a plurality of alternate parallel paths. Also 
known as multiple, parallel. 

Silver, Coin —An alloy of silver and copper in an approximate 
percentage of 90% and^ 10% respectively. It is used as a contact 
material where high pressures can be used to overcome a surface 
resistance exceeding that of fine silver. (See note under Silver, 

Sterling.) 

Silver, Fine— Fine silver is 99.95% pure. It has the highest electrical 
and heat conductivity of any metal and is widely used as a con¬ 
tact material. 

Silver, Sterling —Sterling silver is an alloy consisting of 92.5% 
pure silver and 7.5% copper. The performance of sterling silver as 
a contact material lies between that of coin silver and fine silver. 
(Note—Silver copper alloys are often not completely homogeneous 
and when used as contacts with light pressure, may behave errati¬ 
cally, depending on the percentage of copper at the microscopic 
point of contact). 

Sine (sin) —A trigonometric function. In a right triangle, the sine 
of either acute angle numerically equals the ratio of the length ot the 
opposite side to the length of the hypothenuse. 

Sine Wave —A wave in which the vibrations of the particles of the 
transmitting medium are simple periodic. Varying in velocity or 
amplitude in a manner that may be represented by a sinusoid. 
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Single-break (sb)— One break (see Break). 

Single-phase— Pertaining to a circuit energized by a single alter¬ 
nating electromotive force. n 

Single-pole (sp)—One pole (see Pole). 

Single-throw (st)—A term that describes a two-position contact, 

winch closes a circuit or circuits in one position and opens the circuit 

or circuits in the other position. To distinguish single-throw from 
double-throw. 

Sinter— The process by which powdered metals are agglomerated 
by heating and pressing at a temperature somewhat below their 
melting points until the particles weld together into a solid piece. 

Sinusoid— A curve plotted in rectangular coordinates in which the 
value of an angle is plotted against the value of its sine. 

Sinusoidal— Capable of being graphically represented by a sinusoid, 
as a sinusoidal current, function, wave, etc. 

'"Slave Relay —Same as Auxiliary Relay. 

*Sleeve —A conducting tube placed around the full length of the core 

as a short-circuited winding to retard the establishment or decay of 
flux within the magnetic path. 

Slow Make and Break— See Non-snap Action. 

'Slug —A conducting tube placed around a portion of the core to 
retard the establishment or decay of flux within the magnetic path. 

Snap Action— A term used to describe the action of a pair of 
cooperating contacts that open and close quickly enough to immedi¬ 
ately extinguish any arc that may form, and which snap closed with 
sufficient pressure to firmly establish an electrical circuit. 

Sneak Circuit That part of a complete electrical circuit which 
carries an unintentional (sneak) current. Sneak currents may prevent 
proper operation of interconnected equipment. 

■"Soak— The condition of an electromagnetic relay when its core is 
approximately saturated. 

*Soak Value The voltage, current, or power applied to the relay 
coil to insure a condition approximating magnetic saturation. 

Solenoid —A helical coil of wire of one or more turns, carrying a 
current but without a fixed iron core. Solenoids have all the prop¬ 
erties of an electromagnet and are used particularly where con¬ 
siderable range of movement is required, a movement being produced 
by the traction of an iron plunger. In the original sense, the term 
solenoid was used to denote a coil having an axial length substantially 
greater than its diameter. 1 he term is looselv used to describe a coil 
of any shape with or without a fixed core. 
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^Solenoid Relay —Same as Plunger Relay. 

Space Factor —The space factor or activity coefficient is the ratio 
of the space occupied by the insulated conductor to that occupied 

bv the bare conductor. 

%/ 

Spaghetti —Non-conducting, flexible sleeving used to insulate 
otherwise bare wire or to supplement thin layers of insulation at 
critical points on a wire. Spaghetti is made of varnished cambric, 
flexible plastics, or similar material. 

Specific Gravity —The ratio of the mass of a body to the mass of an 
equal volume of water at 40° C. or other specified temperature. 

Split-phase —Term used to describe a device that fundamentally 
requires more than one phase for operation, but which incorporates 
means of producing a second phase by splitting the single-phase 
power supplied to it. 

*Spool —A flanged form upon which a coil is wound. 

*Spring, Bracer —A supporting member used in conjunction with a 
contact spring. 

*Spring, Contact —(1) A current-carrying spring to which the 
contacts are fastened. (2) A non-current-carrying spring that posi¬ 
tions and tensions a contact-carrying member. 

*Spring Curve —A plot of spring force on the armature vs armature 
travel. 

*Spring, Driving —The spring that drives the wipers of a stepping 
relay. 

*Spring, Restoring —A spring that moves the armature to the 
normal position and holds it there when the relay is de-energized. 

*Spring, Retractile —Sometimes used for Spring, Restoring. 

*Spring, Return —Sometimes used for Spring, Restoring. 

*Stack —Sometimes used for Pileup. 

*Stepping Relay —A multi-position relay in which moving wiper 
contacts mate with successive sets of fixed contacts in a series of 
steps, moving from one step to the next in successive operations of 
the relay. 

*Stepping Relay, Spring-Actuated —A stepping relay which is 
cocked electrically and operated by spring action. 

*Stop, Armature —Sometimes used for Backstop. 

*Stop, Armature, Nonmagnetic —A nonmagnetic member separ¬ 
ating the pole faces of core and armature in the operated position, 
used to reduce and stabilize the pull from residual magnetism in 
release. 
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sioned'spring ? 9 A memb ° r that C ° ntrols the P osition of a pretw- 

ss&r * ,h ° ~- 

Structure— See Magnetic Structure, page 81. 

Structure Numbers (Frame Numbers)— See page 79 

correct malfunctioning of other circuits or devices. ’ ’ 

Suppresser Circuit —See Absorption Circuit. 

SSS ™£ s t T th e ro p 5lg «™- “» of« 

Surge— A transient and abnormal rush of current in a circuit. 


* 9 - w # 

Surge— A transient and abnormal rush of current in a circuit 

Omittance, the active 


byThTlo'fe^^ «*»« purity. Obtained 

fn W tl\ C leVeVof a a7quid ntaCt ° Perating deVi ° e actuated ^ chan «°- 

Switch, Limit —See Limit Switch. 

SJ; hq e uid U p r ~e COntaCt ° perating deViCe actuated by «*“*■• 
Switch, Magnetic— Another name for relay or contactor. 
frmlosure. VaCU Um_SwitCh contacts which °Perate in an evacuated 

St h ion"of Z oth;?Ietces f . 0r ° r maintaining synchronous 

Synchronous— Term used to describe a device that operates in 
S„ wlth s ° m ® other device or more generally in step with’the 
frequency of the applied alternating current. The synchronous 
speed of a motor in revolutions per minute (rpm) is equal to the 

2 nCy t le PJ )wer su PPly in cycles per minute divided by the 
numbers of pairs of poles in the motor. y 

3h^ l J°Tv eter " — ^ indic . atin g> recording, or controlling device oner- 
y the speed of rotation of the mechanism to which it is connected. 

Tf Q T. p ,ate —Agauge, pattern, or mold; commonly a thin plate or 

be exe’cuLd. S frame USed aS a guide to the fo ™ of the work to 
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Tension Spring— A spring, usually helical in form which, in use, 
is extended along its axis, thereby pulling or exerting tension. The 
term is often used to describe the restoring spring employed on relays. 

Terminal —A device, such as a lug, binding post, or similar fitting 
employed on electrical equipment or electrical connectors to facilitate 
connecting or disconnecting different components in an electrical 
system. 

Thermal Capacity —Mass specific heat. 

Thermal Inertia —See Inertia. 

^Thermal Relay —Same as Relay, Thermal. 

Thermal Timer —A time delay device, the delay of which results 
from the time required to heat or cool a thermally-operated contact. 

Thermionic Emission —The emission of electrons from a hot 
cathode, as in a vacuum tube. 

Thermocouple —A temperature measuring device consisting of two 
wires of dissimilar metals electrically connected at one end where 
they are joined. This end is known as the hot junction. A voltage 
measuring device is connected to the other end of these wires, which 
is known as the cold junction. The contact potential, which is read 
by means of suitable instruments, is a function of the difference in 
temperature of the two junctions. Therefore, this potential is an 
indication of the temperature at the hot junction. 

Thermostat —An automatic device for regulating temperature; 
also, a device used for other purposes, such as sounding an alarm 
in case of excessive temperatures. A thermostat, provided with 
pilot contacts, is widely used to control the operation of a great 
variety of electrical circuits. 

Thermoregulator —A device to maintain or regulate temperature. 
The words thermostat and thermoregulator are often used inter¬ 
changeably. It is customary, however, to employ the term thermo¬ 
regulator in connection with such devices as are extremely sensitive 
or extremely accurate and, particularly, devices resembling a mercury 
in glass thermometer with sealed-in electrodes, in which the rising 
and falling column of mercury makes and breaks an electrical circuit. 

Three-wire —An adjective employed to describe devices or circuits 
employing three wires, such as polyphase devices or HCL pilot 
contacts, etc. 

Throttling —Term used to distinguish systems or devices that 
control by means of steps intermediate between 0% and 100% 
functioning. 

*Throw, Double —A term applied to a contact arrangement to 
denote that each contact form included is a break-make. 
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*Throw, Single —A term applied to a contact arrangement to 
denote that each contact form included is a single contact pair. 

Thyratron —A trade-name for a gas-filled thermionic tube widely 
used both as a relay and as a control for the operation of relays. It is 
peculiar in that, ordinarily, the grid can prevent the flow of anode 
current but cannot restrain such current once started. 


* 


Time, Actuation —The time at which a specified contact functions. 


*Ti me, Actuation, Contact —The contact actuation time of n 
relay is the time required for any specified contact on the relay to 
function according to the following subdivisions. When not other¬ 
wise specified, contact actuation time is the initial actuation time 
defined below. For some purposes, it is preferable to state the actua¬ 
tion time in terms of final actuation time or effective actuation time. 

*Time, Actuation, Effective —The sum of the initial actuation 
time and the contact chatter intervals following such actuation. 

*Time, Actuation, Final —The time of termination of chatter 
following contact actuation. 

*Time, Actuation, Initial —The time of the first closing of a 
previously open contact or the first opening of a previously closed 
contact. 

*Time, Bunching —The time during which all three contacts of a 
bridging contact combination are electrically connected during the 
armature stroke. 


*Time, Chatter —The time interval from initial actuation of a 
contact to the end of chatter. 

Time Delay —Term used to describe a relay incorporating retarding 
means so that its function either does not commence immediately 
upon receipt of instructions from its pilot instrument or, in other 
cases, it continues to function for some time interval following the 
cessation of such instructions. 

*Time-Delay Relay —Same as Delay Relay. 

*Time, Instantaneous Recovery —Recovery time of a thermal 
relay measured when the heater is de-energized at the instant of 
contact operation. 

*Time, Instantaneous Reoperate —Reoperate time a thermal 
relay measures when the heater is de-energized at the instant of 
contact operation. 

*Time, Operate —The time interval from coil energization to the 
functioning time of the last contact to function. Where not other¬ 
wise stated the functioning time of the contact in question is taken 
as its initial functioning time. 

*Time, Recovery —The cooling time required from heater de¬ 
energization of a thermal time-delay relay to subsequent re-energiza- 
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tion that will result in a new operate time equal to 85 percent of that 

exhibited from a cold start. , 

_The time interval from coil de-energization to the 

as its initial functioning time. 

*Time, Reoperate— Release time of a thermal relay. 

*Time Saturated Recovery-Recovery time of a thermal relay 
measured after temperature saturation has been reached. 

*TimP Saturated Reoperate— Reoperate time of a thermal re ay 

mT'aTurcd when the relay is de-energized after temperature satura¬ 
tion (equilibrium) has been reached. . 

*Ti me Seati ng— The elapsed time after the coil has been energized 
to the time required to seat the armature of the relay. . 

♦Time, Stagger— The time interval between the actuation of any 
two contact sets. 

♦Time Transfer-The time interval between opening the closed 
contact and closing the open contact of a break-make contact form. 

Timer, Extending—See Extending Timer. 

Integrating—See Integrating Timer. 

Limiting—See Limiting limer, Limiter. 

SStS^KS‘- Jf5;fs 

™S3&S=X SSJKWfcX* f», b- MW. “ 

is retarded by means of a condenser. 

Slug—See Ring or Slug Retard. 

♦Travel, Armature— The distance traveled during operation by a 
specified point on the armature. 

Toroid —Doughnut shaped. 

Tornue— Turning effort exerted about an axis. Measured in terms 
end of the arm. 

-r c-former An electromagnetic device in which flux generated 

a* tag sssrsaws vss&zzsst 

applied to the primary. 

Transformer, Auto— A transformer in which at least a portion of 

the windings are common to the primary and secondary / 1 / p ^^ rv 
a conducting path therefore exists between primary and secondary. 
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Transformer, Isolating —A transformer the function of which is to 
insulate the primary windings from the secondary windings. It is 
often used to eliminate direct current that is connected to one side 
from reaching any devices connected to the other side, and also in 
cases where it is necessary to prevent high voltage, such as lightning 
surges, from reaching personnel or delicate equipment. 

Transformer, Step-down —A transformer in which the ratio of 
secondary turns to primary turns is less than one and, therefore, 
having a secondary voltage that is less than its primary voltage. 

Transformer, Step-up— A transformer in which the ratio of 
secondary turns to primary turns is greater than one and, therefore, 
the secondary voltage is greater than the primary voltage. 

Trickle Charging —Method of charging a storage battery continu¬ 
ously at a very low rate. 

Trip-free —A term used in connection with a protecting device, 
such as an overload relay or circuit breaker having separate tripping 
and restoring means, when the device is arranged so that the restoring 
means will not hold it in the restored position so long as the condition 
that caused it to trip persists. 

Tungsten —A metallic element having an extremely high melting 
point (3370° C.), used alone or in combination with other metals as 
a contact material. 

Two-wire —Adjective employed to describe devices or circuits 
employing two wires, such as single-phase devices or simple normally- 
open or normally-closed pilot instruments. 

’Undercurrent Relay —A relay specifically designed to function 
when its coil current falls below a predetermined value. 

Undervoltage —Less than normal or rated voltage. Standard 
equipment is usually designed to operate on rated voltage or any 
undervoltage down to 15% below normal. The term is also used to 
describe devices designed to function when the applied voltage drops 
below a definite value. 

*Under Voltage Relay —A relay specifically designed to function 
when its coil voltage falls below a predetermined value. 

Unfiltered —Term employed to describe a pulsating unidirectional 
current or voltage, particularly where it is derived from rectified 
alternating current when the ripples in the wave form have not been 
eliminated or reduced by passage through an electrical filter. 

Universal —Having a variety of applications. This term is fre¬ 
quently used to describe devices designed to operate on either alter¬ 
nating or direct current. 

Usual Position —This term is applied to relay contacts to denote 
the position (open or closed) that they assume ordinarily when in 
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service. Particularly in the case of supervisory relays, the relay coil 
may be energized continuously for years and only deenergized during 
emergencies such as fires or robberies. The usual position of the 
contacts of such a relay is the operated position. As in the case of 
any relay, the normal position is that assumed by the contacts when 
the coil is deenergized, but in this case the normal position is not the 

usual position. 

Variac —Trade-name for a transformer having a manually adjust¬ 
able ratio and used for maintaining the secondary voltage constant 
in case of varying line voltage or for securing widely varying second¬ 
ary voltages. 

*Vibrating Reed Relay —A relay in which the application of an 
alternating or a self-interrupted voltage to the driving coil produces 
an alternating or pulsating magnetic field that causes a reed to vibrate. 

Volt —The unit of electromotive force, defined as that electromotive 
force which, steadily applied to a conductor whose resistance is one 
ohm, will produce a current of one ampere. 

Voltage —Electrical potential or potential difference expressed 
in volts. 

Voltmeter —An instrument for measuring in volts the difference in 
potential between different points of an electrical circuit. 

W —Used to denote energy; the unit of measurement is the watt. 

Washer Head Screw —A machine screw having a flattened and 
broadened head, employed as a terminal for connecting wires to 
electrical devices. 

Watt —A practical unit of power. A watt represents work done at 
the rate of a joule a second or a current of one ampere flowing under 
a pressure of one volt. 74b watts is one horsepower; 1,000 watts 
is one kilowatt. 

Wheatstone Bridge— A circuit employing four arms, in which the 
reactance of one unknown arm may be determined as a function ol 
the remaining three arms which have known values. 

Whirligig —Common name for a testing device for producing 
angular acceleration in equipment undergoing test. 

^Winding —Sometimes used for Coil. 

^Winding, Bias —An auxiliary winding used to produce an electrical 
bias. 

Window, Coil —The opening through the center of a coil, available 
for the ferromagnetic material to carry the flux that will link with 
the turns in the coil. 

Window, Core —The opening in a ferromagnetic flux path provided 
for one side of the coil or other conductors which link with the flux 
in the ferromagnetic material. 
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*Wipe, Contact—The sliding or tangential motion between two 
contact surfaces when they are touching. 

*Wiper—The moving contact on a rotary stepping switch or relay. 

Wy u e ^l COnnecti ? n , used in a P°lyphase system in which one side of 
each ol the several phases is connected to a common point or ground 

and the other side of each of the several phases is connected to the 
transmission line. Wye is also known as “star.” 

X Used to denote reactance; the unit of measurement is the ohm. 

Used to denote capacitative reactance. 

Xl—U sed to denote inductive reactance. 

Y “ U f d to denote admittance. The reciprocal of impedance; the 
unit of measurement is the mho. 

Z—Used to denote impedance; the unit of measurement is the ohm. 
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Table 23 on page 606 shows the difference of potential at the inter¬ 
face between a metal and its solution of normal ionic concentration in 
which it is immersed. The positive and negative potential differences 
indicated in the right-hand column all refer to hydrogen as standard. 
There is some difference in opinion among many authorities as to the 
exact values, but those given are approximately correct. Where no 
values are given for potential difference the actual values lie some¬ 
where between those included for the adjacent metals. 

In an electrolytic cell the electro-positive element will in any case 
constitute the cathode and the electro-negative element will consti¬ 
tute the anode. Thus, with any pair of metals constituting the 
electrodes of a primary cell, current will tend to leave the cell 
through the external circuit from that metal which has the more 
positive value listed in the potential difference column. 

The table is of particular use in anticipating the amount of cor¬ 
rosion that will occur in any assembly where dissimilar metals are 
brought in contact with each other. In each case the more negative 
metal will corrode. The greater the difference between the two metals 
the greater will be the tendency of the more negative metal to corrode. 

When lead and tin, having a potential difference of —0.132 and 
—0.146 respectively, are in contact with each other, the total 
difference in potential between these two metals will be 0.014 and 
negligible corrosion may be expected. If, however, either of these 
metals is brought in contact with aluminum, which has a potential 
difference of —1.337, there will be a potential of approximately 1.2 
volts and the aluminum may be expected to corrode. Conversely, if 
either lead or tin are maintained in contact with silver, which has a 
potential difference of +0.799, there will be an approximate potential 
difference of 0.93 and since in this case, the lead or tin is more 
negative than the silver, the lead or tin may be expected to suffer 
from corrosion. 

Since corrosion can be encountered only in the presence of an 
electrolyte, it will be avoided if the junction of the dissimilar metals 
is maintained absolutely dry. Frequently, where it is necessary to 
bring dissimilar metals into intimate contact, both metals may be 
electro-plated with some third metal. If the plating is of such quality 
that moisture cannot penetrate between it and the base metal, then 
the only place that moisture can penetrate will be between the iden¬ 
tical plated surfaces which are brought into contact and corrosion 
will be held to an absolute minimum. 

Table 24 on page 607 lists information that greatly simplifies many 
coil winding calculations. Where the coil is for use in an existing relay, 
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TABLE 23 

ELECTRODE POTENTIALS OF METALS 


METAL 


Gold. 

Platinum. 

Silver.’ ’ ’ ] 

Mercury. 

Antimony. 

Bismuth. 

Arsenic. 

Copper. 

Hydrogen.] ’ ’ ’ 

Lead. 

Tin. 

Nickel. 

Cobalt.’ * 

Thallium.. ’ 

I ron. [ 

Cadmium. 

Chromium. 

Zinc. ' 

Manganese.. 

Aluminum. 

Magnesium (Approx.). 

Calcium. 

Strontium.’ 

Barium. ’ ’ ] 

Sodium. 

Potassium. 


ION 



POTENTIAL 

DIFFERENCE 


+ 0.985 

+0.86 

+ 0.799 

+ 0.793 


+ 0.347 

± 0.000 

- 0.132 

- 0.146 

- 0.20 

- 0.23 

- 0.34 
- 0.420 
- 0.47 
- 0.770 

- 1.337 
- 1.8 


- 2.715 

- 2.925 


it is first necessary to determine the volume that is available for the 

thp d md hnhK e Telc \v i ram -n Pro P er allowances should be made for 
the coil bobbin which will vary with different types of coil con- 

tnWn! 0 . r V 'i hlS voh f me . wl11 e 3 u al to the outside diameter (less any 

squared and this difference multiplied by times the axial 

^ hofth J 0011 Oess any tolerances). All measurements should be 
made in inches, and the result will be in cubic inches. 

With the volume known and if the wire size is also known the 
resistance can be found by multiplying the “Ohms Per Cubic Inch ,, 

VV S $ S[red t0 kn ° W the wei ^t of thewirethe 
rounds Per Cubic Inch appearing opposite the proper wire size 
should be multiplied by the volume. 

In some cases it may be desired to wind a coil to a specific resist¬ 
ance, and it is necessary to determine the wire size. In this case the 
required number of ohms should be divided by the volume to secure 

h° h p 1S ?? r l C - ub i c inch ’ The closest number in the column 
wire size. nUmber m the AWG * column will be found the required 
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TABLE 24 

WINDING VOLUME TABLE 


Single Enamel 

Heavy Enamel 

1 

Nominal 

Ohms 

Lbs. 

Nominal 

Ohms 

Lbs. 


AWG 

Outside 

Per 

Per 

Outside 

Per 

Per 

AWG 


Dia. 

Cubic 

Cubic 

Dia. 

Cubic 

Cubic 




1 nch 

Inch 


1 nch 

Inch 


8 

.1306 

.00293 

.2359 

.1324 

.002824 

.2296 

8 

9 

.1165 

.00462 

.2343 

.1182 

.004485 

.2300 

9 

10 

.1039 

.00733 

.2334 

.1056 

.007072 

.2274 

10 

11 

.0927 

.01218 

.2441 

.0943 

.009441 

.2275 

11 

12 

.0827 

.01839 

.2322 

.0842 

.01772 

.2263 

12 

13 

.0738 

.02906 

.2306 

.0753 

.02786 

.2236 

13 

14 

.0659 

.04612 

.2300 

.0673 

.04418 

.2229 

14 

15 

.0588 

.07298 

.2292 

.0602 

.0687 

.2182 

15 

16 

.0524 

.1158 

.2287 

.0539 

.1094 

.2199 

16 

17 

.0469 

.1824 

.2259 

.0483 

.1717 

.2154 

17 

18 

.0418 

.2895 

.2258 

.0432 

.2708 

.2139 

18 

19 

.0374 

.4554 

.2238 

.0387 

.4253 

.2119 

19 

20 

.0334 

.7224 

.2231 

.0346 

.7139 

.2111 

20 

21 

.0299 

1.134 

.2206 

.0310 

1.055 

.2077 

21 

22 

.0266 

1.807 

.2205 

.0277 

1.724 

.2082 

22 

23 

.0238 

2.845 

.2187 

.0249 

2.600 

.2033 

23 

24 

.0213 

4.479 

.2173 

.0224 

4.048 

.1999 

24 

25 

.0190 

7.099 

.2167 

.0201 

6.342 

.1967 

25 

26 

.0169 

11.31 

.2173 

.0180 

9.972 

.1958 

26 

27 

.0152 

17.64 

.2131 

.0160 

15.91 

.1953 

27 

28 

.0135 

28.20 

.2146 

.0144 

25.88 

.1921 

28 

29 

.0122 

43.51 

.2082 

.0129 

38.94 

.1881 

29 

30 

.0108 

70.07 

.2108 

.0116 

60.72 

.1839 

30 

31 

.0097 

109.5 

.2074 

.0103 

97.09 

.1861 

31 

32 

.0088 

167.8 

.2004 

.0094 

147.0 

.1777 

32 

33 

.0078 

269.3 

.2017 

.0083 

237.9 

.1802 

33 

34 

.0069 

368.6 

.1738 

.0074 

377.0 

.1798 

34 

35 

.0061 

672.1 

.2002 

.0067 

580.2 

.1765 

35 

36 

.0055 

1085.9 

.2031 

.0060 

912.0 

.1726 

36 

37 

.0049 

1724.7 

.2031 

.0054 

1437.0 

.1728 

37 

38 

.0044 

2698 . 

.1996 

.0048 

2266.6 

.1701 

38 

39 

.0038 

4560 . 

.2122 

.0042 

3734 . 

.1782 

39 

40 

.0034 

7182 . 

.2102 

.0038 

5748 . 

.1726 

40 

41 

.0031 

10896 . 

.1985 

.0034 

9060 . 

.1712 

41 

42 

.0028 

16765 . 

.1935 

.0030 


• • • 

42 

43 

.00245 

27034 . 

.2048 

.00247 


• • • 

43 

44 

.00215 

44538 . 

.2107 

.00223 


• • • 

44 

45 

.00195 

69691 . 

.1965 

.00196 


... • 

45 

46 

.00175 

108733 . 

.2073 

.00177 


• • • 

46 
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1 able 24 simplifies the task of determining the amount of wire 

i j • i . .« - t 9 as it is merely necessary to 

multiply together, the quantity of coils, the volume of each coil and 
the number appearing in the column headed “Pounds Per Cubic 
Inch” in order to secure the desired approximation. 

Conversely, the quantity of coils that can be wound with a given 
amount of wire can be determined by ascertaining the weight per 
coil, by multiplying the volume of one coil by “Pounds Per Cubic 
Inch and then dividing this amount which is the weight of one coil 
into the weight of wire available. 

The columns headed “Nominal Outside Diameter” give values that 

are equal to the sum of the diameter of the bare wire plus twice the 

thickness of the insulation. These figures are sometimes useful in 

determining the number of turns that can be secured in a layer, but 

any calculations based on the number of layers and number of turns 

per layer are largely dependent on the method of winding for their 
accuracy. 


Wire Diameters 

Table 25 on page 609 lists t he nominal outside diameters of various 
types of round wire used for winding magnet coils. The values given 
m the columns headed Plain Enamel and Heavy Plain Enamel are 
substantially correct for single and double coatings respectively of 
many special insulating finishes, such as Formvar. All of the figures 
given are nominal and are subject to moderate variations due both 
to maximum and minimum tolerances in the bare wire itself and to 
production variations in the thickness of the insulation applied to 
bare wire. In each case the outside diameter of the insulated wire is 

equal to the diameter of the corresponding bare wire plus twice the 
thickness of the insulation. 
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TABLE 25 

NOMINAL OUTSIDE WIRE DIAMETERS 

Inches 


Size 

A.W.6. 

Bare 

Plain 

Enamel 

Heavy 

Plain 

Enamel 

Single 

Cotton 

Double 

Cotton 

Single 

Silk 

Double 

Silk 

Single 

Cotton 

Enamel 

Double 

Cotton 

Enamel 

Single 

Silk 

Enamel 

Double 

Silk 

Enamel 

4/0 

.4600 



.4674 

.4748 

• • • • 






3/0 

.4096 



.4170 

.4244 







2/0 

.3648 



.3722 

.3796 







1/0 

.3249 



.3323 

.3397 







1 

.2893 



.2967 

.3041 







2 

.2576 



.2650 

.2724 







3 

.2294 



.2368 

.2442 







4 

.2043 



.2117 

.2191 







5 

.1819 


• • • • 

.1893 

.1967 







6 

.1620 

.1645 

.1665 

.1694 

.1768 







7 

.1443 

.1468 

.1488 

.1517 

.1591 







8 

.1285 

.1306 

.1324 

.1359 

.1414 



.1380 

.1435 



9 

.1144 

.1165 

.1182 

.1208 

.1255 



.1229 

.1276 



10 

.1019 

.1039 

.1056 

.1074 

.1120 


• • • • 

.1094 

.1140 



11 

.09074 

.0927 

.0943 

.0953 

.0995 



.0973 

.1015 



12 

.08081 

.0827 

.0842 

.0854 

.0896 



.0873 

.0915 



13 

.07196 

.0739 

.0753 

.0766 

.0807 



.0784 

.0826 



14 

.06408 

.0660 

.0673 

.0687 

.0728 



.0705 

.0747 



15 

.05707 

.0589 

.0602 

.0617 

.0659 

.0587 

.0603 

.0634 

.0676 

.0604 

.0620 

16 

.05082 

.0525 

.0539 

.0554 

.0596 

.0524 

.0540 

.0570 

.0612 

.0540 

.0556 

17 

.04526 

.0469 

.0483 

.0499 

.0541 

.0469 

.0485 

.0515 

.0557 

.0485 

.0501 

18 

.04030 

.0418 

.0432 

.0449 

.0491 

.0419 

.0435 

.0464 

.0506 

.0434 

.0450 

19 

.03589 

.0374 

.0387 

.0405 

.0447 

.0375 

.0391 

.0420 

.0462 

.0390 

.0406 

20 

.03196 

.0334 

.0346 

.0366 

.0408 

.0336 

.0352 

.0380 

.0422 

.0350 

.0366 

21 

.02846 

.0299 

.0310 

.0331 

.0373 

.0301 

.0317 

.0345 

.0383 

.0315 

.0331 

22 

.02535 

.0266 

.0277 

.0299 

.0336 

.0269 

.0285 

.0312 

.0350 

.0282 

.0298 

23 

.02257 

.0239 

.0249 

.0272 

.0309 

.0242 

.0258 

.0284 

.0322 

.0254 

.0270 

24 

.02010 

.0213 

.0224 

.0247 

.0284 

.0217 

.0233 

.0259 

.0297 

.0229 

.0245 

25 

.01790 

.0190 

.0201 

.0220 

.0257 

.0195 

.0211 

.0231 

.0268 

.0206 

.0222 

26 

.01594 

.0170 

.0180 

.0200 

.0238 

.0175 

.0191 

.0210 

.0247 

.0185 

.0201 

27 

.01420 

.0152 

.0161 

.0183 

.0220 

.0158 

.0174 

.0193 

.0230 

.0168 

.0184 

28 

.01264 

.0136 

.0144 

.0167 

.0205 

.0142 

.0158 

.0176 

.0213 

.0151 

.0167 

29 

.01126 

.0122 

.0130 

.0154 

.0191 

.0129 

.0145 

.0163 

.0200 

.0138 

.0154 

30 

.01003 

.0109 

.0116 

.0141 

.0178 

.0116 

.0132 

.0149 

.0186 

.0124 

.0140 

31 

.008928 

.0097 

.0105 

.0130 

.0167 

.0105 

.0121 

.0138 

.0175 

.0113 

.0129 

32 

.007950 

.0088 

.0095 

.0121 

.0158 

.0096 

.0112 

.0129 

.0166 

.0104 

.0120 

33 

.007080 

.0078 

.0085 

.0112 

.0149 

.0087 

.0103 

.0119 

.0156 

.0094 

.0110 

34 

.006305 

.0069 

.0075 

.0104 

.0141 

.0079 

.0095 

.0110 

.0147 

.0085 

.0101 

35 

.005615 

.0062 

.0067 

.0097 

..0134 

.0072 

.0088 

.0102 

.0139 

.0078 

.0093 

36 

.005000 

.0055 

.0060 

.0087 

.0124 

.0066 

.0082 

.0092 

.0129 

.0071 

.0087 

37 

.004453 

.0050 

.0055 

.0082 

.0119 

.0061 

.0077 

.0086 

.0123 

.0065 

.0081 

38 

.003965 

.0044 

.0049 

.0077 

.0114 

.0056 

.0072 

.0081 

.0118 

.0060 

.0076 

39 

.003531 

.0039 

.0043 

.0073 

.0109 

.0051 

.0067 

.0075 

.0112 ■ 

.0054 

.0070 

40 

.003145 

.0034 

.0038 

.0068 

.0105 

.0047 

.0063 

.0071 

.0108 

.0050 

.0066 

41 

.002800 

.0031 

.0034 

• • • • 

• • • • 







42 

.002493 

.0028 

.0030 


• • • • 







43 

.002220 

.00237 

.00247 


• • • • 







44 

.001977 

.00213 

.00223 

• • • • 

• • • • 







45 

.001760 

.00188 

.00196 









46 

.001567 

.00169 

.00177 


• • • • 





• • • • 
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TABLE 26 

PROPERTIES OF BARE COPPER WIRE 
DIAMETER, WEIGHT AND RESISTANCE 


Size 

A.W.G 


4/0 

3/0 

2/0 

1/0 

1 


7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 

22 

23 

24 

25 

26 


Nominal 

Diameter, 

Inches 

.4600 

.4096 

.3648 

.3249 

.2893 

.2576 

.2294 

.2043 

.1819 

.1620 

.1443 

.1285 

.1144 

.1019 

.09074 

.08081 

.07196 

.06408 

.05707 

.05082 

.04526 

.04030 

.03589 

.03196 

.02846 

.02535 

.02257 

.02010 

.01790 

.01594 


Area 

Circular 

Mils 

211,600 

167,770 

133,080 

105,560 

83,690 

66,360 

52,620 

41,740 

33,090 

26,240 

20,820 

16,510 

13,090 

10,380 

8,226 

6,529 

5,184 

4,109 

3,260 

2,580 

2,052 

1,624 

1,289 

1,024 

812 

640 

511 

404 

320 

253 


Weight 


27 

.01420 

201.6 

28 

.01264 

158.8 

29 

.01126 

127.7 

30 

.01003 

100.0 

31 

.008928 

79.21 

32 

.007950 

64.00 

33 

.007080 

50.41 

34 

.006305 

39.69 

35 

.005615 

31.36 

36 

.005000 

25.00 

37 

.004453 

20.25 

38 

.003965 

16.00 

39 

.003531 

12.25 

40 

.003145 

9.61 

41 

.002800 

7.84 

42 

.002493 | 

6.25 

43 

.002220 1 

4.928 

44 

.001977 

3.920 

45 

.001760 

3.098 

46 

.001567 

2.465 


Pounds per 
1000 Feet 

6405 

507.9 

402.8 
319.5 

253.3 

200.9 

159.3 

126.4 
100.2 

79.46 

63.02 

49.98 

39.63 

31.43 
24.92 

19.77 

15.68 

12.43 
9.858 
7.818 

6.200 

4.917 

3.899 

3.092 

2.452 

1.945 

1.542 

1.223 

.9699 

.7692 

.6100 

.4837 

.3836 

.3042 

.2413 

.1913 

.1517 

.1203 

.09542 

.07568 

.06001 

.04759 

.03774 

.02993 

.02373 


Resistance @ 20° C, 68° F. 


Feet per 
Pound 

1.561 

1.968 

2.482 

3.130 

3.947 

4.977 

6,276 

7.914 

9.980 

12.58 

15.87 

20.01 

25.23 

31.82 

40.12 

50.59 


1,300 

1,639 

2,067 

2,607 

3,287 

4,145 

5,227 

6,591 

8,310 

10,480 

13,210 

16,660 

21,010 

26,500 

33,410 

42,140 


Ohms per 
1000 Feet 

.04901 

.06180 

.07793 

.09827 

.1239 

.1563 

.1970 

.2485 

.3133 

.3951 

.4982 

.6282 

.7921 

.9989 

1.260 

1.588 


.01881 

.01492 

.01183 

.009377 

.007431 


53,160 

67,020 

84,530 

106,600 

134,600 


32.37 

40.81 

51.47 

64.90 

81.83 

103.2 

130.1 

164.1 

206.9 

260.9 
329.0 

414.8 

523.1 
659.6 

831.8 
1,049 
1,323 

1,669 

2,104 

2,654 

3,348 

4,225 


Ohms per 
Pound 

.0000765? 

.0001217 

.0001935 

.0003076 

.0004891 

.0007778 

.001237 

.001966 

.003127 

.004972 

.007905 

.01257 

.01999 

.03178 

.05053 


63.80 

2.003 

.1278 

80.44 

2.525 

.2032 

101.4 

3.184 

.3230 

127.9 

4.016 

.5136 

161.3 

5.064 

.8167 

203.4 

6.385 

1.299 

256.5 

8.051 

2.065 

323.4 

10.15 

3.283 

407.8 

12.80 

5.221 

514.2 

16.14 

8.301 

648.2 

20.36 

13.20 

817.7 

A « 

25.67 

20.99 


33.37 
53.06 

84.37 

134.2 

213.3 

339.2 

539.3 

857.6 

1,364 

2,168 

3,448 

5,482 

8,717 

13,860 

22,040 

35,040 

55,740 

88,700 

141,000 

224,300 

357,000 

568,500 




610 


Properties of 



are Copper Wire 


Table 26 on page 610 is a basic reference table for bare copper wire. 
The column headed Area in Circular Mils is particularly useful for 
determining the size of a solid wire that is comparable to a stranded 
wire made up of a number of strands of a given size. For instance, it 

G. each having a cross sectional area 
of_6,529 circular mils, the total cross sectional area will be 7 times 
6,529 or 45,703 circular mils for the combination. The resulting wire 
will have a total cross sectional area somewhat greater than #4 
A.W.G. wire, and the weight per thousand feet and other character¬ 
istics of this stranded wire can be determined by interpolating #3 
and #4 wire sizes. Since wire is ordinarily sold by the pound and used 
by the foot, the columns headed weight are useful for interpolation. 
In other cases where, for instance, it is necessary to secure enough 
wire to wind 100 coils each having a resistance of 20 ohms, then the 
resistance of the wire must total 2,000 ohms. The column headed 
Ohms Per Pound will permit the weight of the necessary wire to be 
determined, without reference to the dimensions of the coil, if the 
wire size is known. 


Wire Fusing Currents 

• T ab !°. °. n ®12 lists the diameters of wires of various mate¬ 

rials which will be fused by a current of given strength. The unalloyed 
metals are of commercial purities, and the alloys, namely German, 
Oliver, Platinoid and Tin-Lead Alloy contain arbitrary commercial 
percentages of their constituents which are subject to appreciable 
variations on various samples. This data was compiled from obser¬ 
vations made on comparatively long lengths of wire suspended in 
still air at room temperature. 

W ire ? f a given diameter will pass more current without fusing if 
cool air is circulated over it, or if the length is short so that heat may 
be conducted away at the terminals. Wire of a given diameter will 
fuse at a lower current value if the test is performed at an elevated 
ambient temperature, or if radiant or other heat from nearby devices 
tends to elevate the temperature, or if it is suspended so that the 
surrounding air cannot circulate freely. 

In general, a mirror finish will result in fusing at a slightly lower 
current density, whereas a matte finish may enable a wire to carry 
somewhat more current before fusing. 

The table will be found useful for the construction of emergency 
fuses for circuit protection, as well as for the construction of fusable 
links such as are used to trip or release mechanical devices that may 
be restored by replacing the link. 
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TABLE 27—FUSING CURRENTS OF WIRE 

Table giving the diameters of wires of various materials which will be fused by a current of given strength. 
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TABLE 28 

STANDARD METAL GAUGES 


Gauge 

No. 

A. W. G. 
or B. &. S.* 

u. s. 

Standardf 

Birmingham 
or Stubst 

1 

.2893 

.28125 

.300 

2 

.2576 

.265625 

.284 

3 

.2294 

.25 

.259 

4 

.2043 

.234375 

.238 

5 

.1819 

.21875 

.220 

6 

.1620 

.203125 

.203 

7 

.1443 

.1875 

.180 

8 

.1285 

.171875 

.165 

9 

.1144 

.15625 

.148 

10 

.1019 

.140625 

.134 

11 

.09074 

.125 

.120 

12 

.08081 

.109375 

.109 

13 

.07196 

.09375 

.095 

14 

.06408 

.078125 

.083 

15 

.05707 

.0703125 

.072 

16 

.05082 

.0625 

.065 

17 

.04526 

.05625 

.058 

18 

.04030 

.05 

.049 

19 

.03589 

.04375 

.042 

20 

.03196 

.0375 

.035 

21 

.02846 

.034375 

.032 

22 

.02535 

.03125 

.028 

23 

.02257 

.028125 

.025 

24 

.02010 

.025 

.022 

25 

.01790 

.021875 

.020 

26 

.01594 

.01875 

.018 

27 

.01420 

.0171875 

.016 

28 

.01264 

.015625 

.014 

29 

.01126 

.0140625 

.013 

30 

.01003 

.0125 

.012 

31 

.008928 

.0109375 

.010 

32 

.007950 

.01015625 

.009 

33 

.007080 

.009375 

.008 

34 

.006350 

.00859375 

.007 

35 

.005615 

. .0078125 

.005 

36 

.005000 

.00703125 

.004 

37 

.004453 

.006640625 

• • • • 

38 

.003965 

.00625 

• • • • 

39 

.003531 


• • • • 

40 

.003145 


• • • • 


♦Used for aluminum, copper, brass and non-ferrous alloy sheets, wire and rods. 
fUsed for iron, steel, nickel and ferrous alloy sheets, wire and rods. 

JUsed for seamless tubes; also by some manufacturers for copper and brass. 
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TABLE 29 

NUMBERED DRILL SIZES 


umber 

Diameter 

(inches) 

Will Clear 
Screw 

Drilled for 
Tapping Iron, 
Steel or Brass* 

1 

.228 



2 

.221 

12-24 


3 

.213 


14-24 

4 

.209 

12-20 


5 

.205 



6 

.204 



7 

.201 



8 

.199 



9 

.196 



10 

.193 

10-32 


11 

.191 

10-24 


12 

.189 



13 

.185 



14 

.182 



15 

.180 



16 

.177 


12-24 

17 

.173 



18 

.169 

8-32 


19 

.16(J 


12-20 

20 

.161 



21 

.159 


10-32 

22 

.157 



23 

.154 



24 

.152 



25 

.149 


10-24 

26 

.147 

. 


27 

.144 



28 

.140 

6-32 


29 

1 .136 


8-32 

30 

.128 



31 

.120 



32 

.116 



33 

.113 

4-36 4-40 


34 

.111 



35 

.110 


.6-32 

36 

.106 



37 

.104 



38 

.101 



39 

.099 

3-48 


40 

.098 



41 

.096 



42 

.093 


4-36 4-40 

43 

.089 

2-56 


44 

.086 



45 

.082 


3-48 

46 

.081 




*Use one size larger drill for tapping bakelite and hard rubber. 
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TABLE 29—Continued 


Number 


47 
'3 

49 

50 

51 

52 

53 

54 


Diameter 

(Inches) 

Will Clear 
Screw 

.078 


.076 


.073 


.070 


.067 


.063 


.059 


.055 



for 

Tapping Iron, 
Steel or Brass* 


2-56 


♦Use one size larger drill for tapping bakelite and hard rubber. 


Temperature Scale; Centigrade and Fahrenheit 

Fig. 345 shows the corresponding temperatures on the Fahrenheit 
and Centigrade scales from absolute 0 up to +460° C. (4-860° F.). 
Several different temperature scales are encountered; these several 
scales may be converted back and forth in accordance with the 
following formulas: 

Centigrade or Celsius scale. °C 

Fahrenheit scale. 

Rcamur scale.. 

Centigrade absolute or Kelvin scale. °K, 

Fahrenheit absolute or Rankine scale. °K' 

Tee point = 0°C = 32°F = 0°R = 273.1°K = 491.58°R' 
Steam point = 100°C = 212°F = 80°R = 373.1°K = 
671.58°R' 

°C = 5/9(°F -32) = 5/4 °R = °K -273.1 
°F = 9/5°C 4-32 = °R' -459.58 


Root Mean Square Values 


Most a-c ammeters and voltmeters are calibrated to indicate rms 
values. If an alternating current measuring instrument indicated 
instantaneous values, the needle would swing so rapidly that it 
could not be observed, or if it were sufficiently damped to read an 
average value, it would read 0 at all times regardless of the applied 


voltage or current. 

In a great many applications of electricity, the effect obtained 
from a given value of voltage or current varies with the square of the 
value. In other words, doubling the current increases the effect 
four fold. This is particularly true in heating applications where the 
power is determined by the formula 

F E 2 

W = FR = 
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# C °F 



273.16 °C 
459.69°F 


°c 

°F 

°C 

°F 

O 

c 

°F 

°C °F 

+ 10- 

ir+ 50 

+ 160- 

e-320 

+ 310- 

f-590 

_ 

+ 460^-860 


T + 40 


-310 


-580 

+ 850 

0- 

L 30 

+ 150- 

-300 

+ 300- 

-570 

+ 450-1.840 


t + 20 


-290 


-560 

+ 830 

-10- 

t+10 

+ 140- 

-280 

+290- 

-550 

i 

+ 440+ 

J-820 

-20- 

f 0 

+ 130- 

-270 

+ 280- 

-540 

_ leio 

+430+ 


t-10 


-260 


-530 

+ 800 

-30- 

J--20 

+ 120- 

-250 

+ 270- 

-520 

» 

+ 420-T 790 


b -30 


-240 


-510 

► 

+ 780 

-40- 

t-40 

+ 110- 

-230 

+260- 

-500 

i 

+410 +770 


t-50 


-220 


-490 

+ 760 

-50- 

b -60 

+ 100- 

-210 

+250- 

-480 

• 

+400+750 

* 

70 


- 200 


-470 

+ 740 

-60- 

fc-80 

+ 90- 

- 190 

+240- 

-460 

j 

+390 + 

+ 730 

-70*: 

t-90 

+ 80r 

- 180 

+ 230- 

-450 

» 

r 720 

+380 + 

m 

b 100 


- 170 


-440 

+ 710 

-80- 

t no 

+ 70-i 

- 160 

+ 220- 

-430 

i 

+ 370+ 700 


- 120 

— 

- 150 


-420 

1 

+ 690 

-90- 

- 130 

+ 60t 

- 140 

+ 210- 

-410 

+ 360+680 

- 

- 140 

• 

- 130 

* 

m 

-400 

+ 670 

-100- 

-150 

+50- 

- 120 

+ 200- 

-390 

+ 350 + ggQ 

i 

- 160 

i 

- 110 


-380 

+ 650 

-110- 

- 170 

‘ r 

+40- 

- 100 

+ 190- 

-370 

+ 340 + 

+ 640 

- 120- 

j- 180 

’ 

+30 - 

- 90 

■+I80- 

-360 

„ n l 6 3° 

+330 + 

* 

- 190 

m 

- 80 


-350 

+ 620 

- 130- 

-200 

+ 20- 

70 

» 

+ 170- 

-340 

+320 + 610 

- 

-210 

- 

60 

• 

- 

-330 

+ 600 

- 140- 

-220 

•+I0-* 

- 50 

+ 160- 

^320 

+ 310 -*-590 


Fig. 345. Centigrade-Fahrenheit Scale 
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Although the current may alternately flow in a positive and 
negative direction, the resulting curve will, if we square the instan¬ 
taneous values and plot them, be positive at all points since the 
square of both positive and negative values is a positive value. 

In Fig. 340 a large sine wave is shown indicating the instan¬ 
taneous values of some arbitrary a-c function. If these instan¬ 
taneous values are each squared and the resulting squares are again 
plotted, another sine wave is formed having twice the frequency. 
All points of this new sine wave are positive. An average or mean 
square value may then be plotted through the axis of this new sine 
wave and this will form a straight line as indicated. 

If the square root then be taken of the ordinate of the mean square 
line and this root be used as the ordinate of a new line, the resulting 
line will be the root mean square or rms line as shown. This rms line 
is identical with a line that would be plotted from instantaneous 



Fig. 346. Root Mean Square of a Sine Wave 

values of a direct current having the same heating effect as the 
original alternating current. 

Occasionally meters are encountered that do not read rms values. 
This is particularly true in the case of some vacuum tube voltmeters 
and electrostatic voltmeter types. These meters usually indicate in 
terms of peak values. Where the current or voltage wave being 
measured is sinusoidal, the rms value may be determined by dividing 
the peak value by the square root of 2, or 1.414. 
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When the a-c function differs widely from a sinusoid, this relation 
does not hold. 

Fig 347 shows an arbitrary saw-tooth variation in instantaneous 
values that, when squared, results in a curve having sharp peaks 
and rounded valleys as indicated. Due to the fact that the peaks 
are narrow, the mean square value is much lower than it was in 
the case of the sinusoid. The square root of the mean square is 
also lower in value. Any alternating current that varies in accord¬ 
ance with these instantaneous values would have the same power and 
heating ability as a direct current having a value equal to the root 
mean square value but, in this case, the peak value is more t an 
1.414 times the root mean square value. 

In many types of circuits, particularly those involving rectifiers, 
saturated iron inductances, or such devices as fluorescent lamps 
involving gaseous conduction, it is very common for the current 
wave form to depart widely from the usual sinusoidal form and the 
effect this may have on associated equipment should always be 

considered. 

Any recurring wave form that is not sinusoidal may be resolved 
into a number of separate waves that are sinusoidal, these will 
consist of the fundamental and its harmonics. In most power 
practice the harmonics are of insufficient magnitude to involve 
special consideration in connection with relay problems, unless 
combinations of inductances and capacitances are used that are not 
resonant at the fundamental frequency but which may be resonant 
at some multiple of the fundamental frequency where a prominent 
harmonic exists. A harmonic which may not be of sufficient magm- 



Fig. 347. Root Mean Square of an Arbitrary Saw Tooth Wave 
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tude to cause concern under ordinary conditions may at times assume 
considerable importance in a circuit which reinforces it by resonance. 
Condensers are frequently used in arc-suppressing circuits to dimin¬ 
ish arcing at relay or instrument contacts and unexpected results 
may often be obtained if these happen to cause resonance in some 
portion of the circuit to either the fundamental frequency or to its 

harmonics. 


Resonance Nomograph 


The nomograph in Fig. 348 shows the relation between capacity 
and inductance and frequency in a resonant circuit. In a resonant 
circuit the inductive reactance Xl is equal to the capacitive reactance 
Xc and when these two values are equal at any frequency the 
product of inductance and capacity is a constant. Where the 
capacity is measured in microfarads, this equation becomes 



Where the capacity and inductance are both known, this equation 
may be rearranged to read 

f = _500_ 

As in the case of any nomograph, a straight line connecting any 
two known quantities will, if extended, indicate the unknowm quan¬ 
tity on the remaining scale. As indicated by the dotted line, a circuit 
having a capacity of one microfarad and operating at 60 cycles will 
be resonant when the inductance of the circuit is approximately 7.03 
henrys Conversely, a circuit having an inductance oi 7 henrys and a 
capacity of 1 microfarad will be resonant at a frequency of approxi¬ 
mately 60 cycles, or a circuit having an inductance of 7 henrys when 
operating from a 60-cycle pow'er supply can be resonated by means 
of a condenser having 1-microfarad capacity. 
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AENRYS 


CYCLES 


MICROFAM... 


APPENDIX 


Geographic Distribution of Frequencies 

In the United States,. 60-cycle electrical power is furnished by 
the majority of public service companies. There are numerous 
exceptions, however, such as the district around Niagara Falls, 
where much 25-cycle power is generated. Likewise there are also 
many isolated plants that generate power at this lower frequency. 
Where alternating current is used for traction purposes, such as the 
electrified sections of the Pennsylvania Railroad, 25-cycle current 
is also employed. Various other frequencies are also occasionally 
encountered in smaller plants throughout the country. 

When equipment is built for export and when its nature is such 
that, like a relay, it must be designed to operate on some specific 
frequency, it is necessary to determine the frequency available at 
the place where it will be used. Fifty cycles is perhaps the most 
common throughout the world but, in general, it is advisable to de¬ 
termine the frequency by consulting the foreign customer. A list 
follows, showing the various frequencies that are to be expected in 
various parts of the world: 

25 Cycles 

Occasional—Canal Zone (Panama) 

40 Cycles 

Occasional—Australia, Egypt, Jamaica (West Indies) 

50 Cycles 

Preferred—Aden, Aegean Islands (Greece), Afghanistan, 
Algeria, Angola, Argentina, Australia, Austria, Azores, 
Barbados (West Indies), Belgian Congo, Belgium, Bolivia, 
Burma, Cambodia, Canary Islands, Ceylon, Channel Islands 
(Alderney, Guernsey, Jersey), Chile, Corsica (France), Crete 
(Greece), Cyprus, Dahomey (French West Africa), Denmark, 
Dodecanese Islands (Greece), Egypt, England, Ethiopia 
(including Eritrea), Fiji, Finland, France, French Guiana 
(French West Africa), French West Indies, Germany (Federal 
Republic of), Ghana, Greece, Greenland, Hong Kong, Iceland, 
India, Indonesia, Ionian Islands (Greece), Iran, Iraq, Ireland, 
Isle of Man, Israel, Italy, Ivory Coast (French West Africa), 
Jordan, Kenya, Kuwait, Laos, Lebanon, Libya, Luxembourg, 
Macao, Madagascar, Madeira Islands, Malaya, Mallorca 
Island, Malta, Mauritania (French West Africa) Mauritius, 
Mexico City only, Monaco, Morocco, Mozambique, Nether¬ 
lands, Netherlands Antilles, New Caledonia, New Guinea 
(Australia), New Zealand, Niger (French West Africa), 
Nigeria, Northern Ireland, Norway, Pakistan, Paraguay, 
Poland, Portugal, Rhodesia and Nyasaland, Ruand-Urundi, 
Samoa (Western), Scotland, Senegal (French West Africa), 
Sierra Leone, Singapore, Somaliland (British), Spain, Sudan 
(French West Africa), Sweden, Switzerland, Syria, Tangan¬ 
yika (British East Africa), Thailand, Tunisia, Turkey, 
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Uganda (British East Africa), Union of South Africa, Upper 
Volta (French West Africa), Uruguay, Viet-Nam, Wales, 
Yugoslavia, Zanzibar. 

50 Cycles 

Occasional—Angola, Brazil, British Guiana, Guatemala, Japan, 
Peru, Sarowak, Saudi Arabia, Surinam, Venezuela. 

60 Cycles 

Preferred—Antigua (West Indies), Bahamas, Bermuda, Brazil, 
Canada, Canal Zone (Panama), Colombia, Costa Rica, Cuba, 
Dominican Republic, Ecuador, El Salvador, Guam, Guate¬ 
mala, Haiti, Hawaii, Honduras, Jamaica (West Indies), 
Japan, Korea, Liberia, Mexico, Nicaragua, Okinawa, Panama, 
Peru, Philippines, Puerto Rico, St. Kitts Island( West Indies), 
Samoa (American), Saudi Arabia, Tahiti, Taiwan, Trinidad 
(West Indies), Venezuela, Virgin Islands. 

60 Cycles 

Occasional—Bolivia, British Guiana, British Honduras, Chile. 
Netherlands Antilles, Surinam. 
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Nomograph, Inductance-Reactance-Frequency 

The nomograph in Fig. 349 provides a convenient means of 
finding the value of inductance, inductive reactance or frequency 
when two of these values are known. The formula giving the relation 
between these values is X l = 2-kJL. This formula may be written 

, Xl _ Xl 
f ~ or L ~ 2irf 


HENRYS 



0.4 


0.3 - J- 
♦ 

0 . 2 - 1 - 


0HMS 


100,000 
8*000 



-#- 8.000 
- 5.000 
E-4.000 






Fig. 349. Nomograph, Inductance-Reactance-Frequency 


The nomograph is employed by locating the two known values on 
the corresponding scales, whereupon a line drawn through the known 
points will locate the desired value on the remaining scale. The 
dotted line indicates that an inductance of 1 henry will, at 60 cycles, 
have a reactance of approximately 380 ohms. If the reactance had 
been known, the inductance necessary to have this reactance at 60 
cycles could have been similarly found by drawing the same line from 
60 cycles through 380 ohms and extending the same line to indicate 
the required inductance as 1 henry. 
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Particularly for use in relay computations, the result obtained by 
using this nomograph will be found amply accurate at all times. Any 
errors resulting from the use of the nomograph will be smaller than 
the probable error in the data with which one works. 


Nomograph, Capacity-Reactance-Frequency 

The nomograph in Fig. 350 provides a convenient means of 
finding the value of capacity, capacitative reactance or frequency 
when two of these values are known. The formula giving the relation 


10 * 

between these values is X c = 


This formula also may be written 


10 6 10 6 

1 = 2irX c C ° r C ~ SrfXc 

The nomograph is employed by locating the two known values on 
the corresponding scales, whereupon a line drawn through the known 



Fig. 350. Nomograph, Capacity-Reactance-Frequency 
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points will locate the desired value on the remaining scale. The 
dotted line shown indicates that a capacity of 10 microfarads will 
have a reactance of 160 ohms at 100 cycles If the reactance had been 
known, the capacity necessary to have this reactance at 100 eye 
could have been found in a similar manner by drawing the same line 
from 100 cycles through 160 ohms and extending the same line to 

indicate the required capacity of 10 microfarads. 

In a resonant circuit, the inductive reactance Xl is equal to the 
capacitative reactance X c . Figures 349 and 350 may be used in 
combination to solve a number of problems. It is comparatively 
simple to determine what value of condenser is necessary to resonate 
a given inductance. If the inductance is known, its reactance at a 
specific frequency may be determined directly from Figure 34 
Since a condenser having the same numeral value of 
resonate it, the capacity of the required condenser may be determined 
directly from Figure 350. The four quantities, capacity, induct¬ 
ance, reactance and frequency are all related on a single graph, 
Figure 355, which covers those frequencies encountered in power 

and control circuits. 


Trigonometric Function# 
TABLE 30 



C = 90 


A = 90° - B 


Sine 


(sin) A = — = cos B 


A = sin' 1 


Cosine (cos) A = — = sin B 


A = cos' 1 


Si 

Tangent (tan) A = -g- = cot B 


A = tan* 1 
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Cotangent (cot) A = — = tan B A = cot" 1 — 

a a 


Secant 


(sec) A = -g- = cse B 


A = sec -1 


b 


Cosecant (esc) A = sec B 

a 


A = esc' 1 


a 


sin A = 


esc A 


tan A = 


1 


cot A 


sec A = 


cos A 


cos A = 


sec A 


cot A = 


1 


tan A 


esc A = 


sin A 


TABLE 31 


TRIGONOMETRIC FUNCTIONS 




Degrees 


0 

15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 

195 

210 

225 

240 

255 

270 

285 

300 

315 

330 

345 

360 


Sin 


0.0000 

0.2588 

0.5000 

0.7071 

0.8660 

0.9659 
1.0000 
0.9659 
0.8660 
0.7071 

0.5000 

0.2588 

0.0000 

-0.2588 

-0.5000 

-0.7071 

-0.8660 

-0.9659 

- 1.0000 

-0.9659 

-0.8660 

-0.7071 

-0.5000 

-0.2588 

0.0000 


Cos 


1.0000 

0.9659 

0.8660 

0.7071 

0.5000 

0.2588 

0.0000 

-0.2588 

-0.5000 

-0.7071 

-0.8660 

-0.9659 

- 1.0000 

-0.9659 

-0.8660 

-0.7071 

-0.5000 

-0.2588 

0.0000 

0.2588 

0.5000 
0.7071 
0.8660 
0.9659 
1.0000 


Tan 


0.0000 

0.2679 

0.5774 

1.0000 

1.7321 

3.7321 

CO 

-3.7321 

-1.7321 

- 1.0000 

-0.5774 

-0.2679 

0.0000 

0.2679 

0.5774 

1.0000 

1.7321 

3.7321 

co 

-3.7321 

-1.7321 

- 1.0000 

-0.5774 

-0.2679 

0.0000 


Cot 


CO 

3.7321 

1.7321 
1.0000 
0.5774 

0.2679 

0.0000 

-0.2679 

-0.5774 

- 1.0000 

-1.7321 

-3.7321 

CO 

3.7321 

1.7321 

1.0000 
0.5774 
0.2679 
0.0000 
-0.2679 

-0.5774 

- 1.0000 

-1.7321 

-3.7321 

CO 


Sec 


1.0000 

1.0353 

1.1547 

1.4142 

2.0000 

3.8640 

CO 

-3.8640 

- 2.0000 

-1.4142 

-1.1547 

-1.0353 

- 1.0000 

-1.0353 

-1.1547 

-1.4142 

- 2.0000 

-3.8640 

CO 

3.8640 

2.0000 

1.4142 

1.1547 

1.0353 

1.0000 


Csc 


CO 

3.8640 

2.0000 

1.4142 

1.1547 

1.0353 

1.0000 

1.0353 

1.1547 

1.4142 

2.0000 

3.8640 

CO 

-3.8640 

- 2.0000 

-1.4142 

-1.1547 

-1.0353 

- 1.0000 

-1.0353 

-1.1547 

-1.4142 

- 2.0000 

-3.8640 

co 
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TABLE 32 

HYPERBOLIC AND EXPONENTIAL FUNCTIONS. 


X 

cosh x 

sinh x 

tanh x 

ex 

e -x 

0 

1.000 

0 

0 

1.000 


.i 

1.005 

.100 

.100 


.905 

.2 

1.020 

.201 

.197 

1.221 

.819 

.3 

1.045 

.305 

.291 

1.350 


.4 

1.081 

.411 

.380 

1.492 

.670 

.5 

1.128 

.521 

.462 

1.649 

.607 

.6 

1.185 

.637 

.537 

1.822 

.549 

.7 

1.255 

.759 

.604 

2.014 

.497 

.8 

1.337 

.888 

.664 

2.226 

.449 

.9 

1.433 

1.027 

.716 

2.460 

.407 

1.0 

1.543 

1.175 

.762 

2.718 

.368 

1.1 

1.669 

1.336 

.801 

3.004 

.333 

1.2 

1.811 

1.509 

.834 

3.320 

.301 

1.3 

1.971 

1.698 

.862 

3.669 

.273 

1.4 

2.151 

1.904 

.885 

4.055 

.247 

1.5 

2.352 

2.129 

.905 

4.482 

.223 

1.6 

2.577 

2.376 

.922 

4.953 

.202 

1.7 

2.828 

2.646 

.935 

5.474 

.183 

1.8 

3.107 

2.942 

.947 

6.050 

.165 

1.9 

3.418 

3.268 

.956 

6.686 

.150 

2.0 

3.762 

3.627 

.964 

7.389 

.135 

2.1 

4.144 

4.022 

.970 

8.166 

.122 

2.2 

4.568 

4.457 

.976 

9.025 

.111 

2.3 

5.037 

4.937 

.980 

9.974 

.100 

2.4 

5.557 

5.466 

.984 

11.023 

.091 

2.5 

6.132 

6.050 

.987 

12.182 

.082 
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THE GREEK ALPHABET 


Name 

Large 

Small 

Small commonly used 
to designate 

alpha 

A 

a 

angles, coefficients 

beta 

B 


angles, coefficients 

gamma 

r 

y 

specific gravity, conductivity 

delta 

A 

5 

density, variation 

epsilon 

E 

€ 

base of hyperbolic logarithms 

zeta 

Z 

r 

coordinates, coefficients 

eta 

H 

V 

hysteresis (Steinmetz) coefficient, 
efficiency 

theta 

0 

9 

angular phase displacement, time 
constant 

iota 

I 

t 


kappa 

K 

K 

dielectric constant, susceptibility 

lambda 

A 

X 

wave length 

mu 

M 


permeability 

nu 

N 

V 

reluctivity 

xi 


t 

s 

output coefficient 

omicron 

0 

0 


Pi 

II 

7T 

circumference -f- diameter 

rho 

P 

0 

resistivity 

sigma 

y 

a 

(cap.), summation; leakage 
coefficient 

tau 

T 

T 

time-phase displacement, time 
constant 

upsilon 

T 

V 


phi 

$ 

<b 

0 

flux 

chi 

X 

X 


psi 

V 


angular velocity in time 

omega 

U 

CO 

angular velocity in space; 

(cap.) ohms resistance 
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Ohm’s and Joule’s Law Chart 

Ohm’s Law states the relation between voltage, current and 
resistance. Joule’s Law states the relation between voltage, current 
and power. 

In any problem not involving power factor, any one of these 4 
quantities can be determined if 2 of the remaining 3 are known. 
r l he chart shown in Fig. 354 shows the relation between these 
4 quantities. For any particular point in the chart the value of all 4 
quantities is fixed, but any point in the chart can be located by 
knowing any 2 of the 4 quantities. Such a chart is principally of 
value when analyzing the performance of certain types of devices in 
which voltage, current, resistance and power all vary simultaneously. 

A device such as a Tungsten filament Mazda lamp increases its 
resistance, the current through it increases, and the power dissipated 
increases as the voltage applied is increased. The 6 more or less 
parallel lines in the center of the chart illustrate the variations in 
these several quantities as the voltage applied to a nominal 115 
volt lamp is varied. Curves are shown for lamps rated at 25 watts, 
60 watts, 100 watts, 150 watts, 500 watts, and 1000 watts. 

Where, for instance, a relay coil must operate in series with such a 
lamp, the voltage is shared between the lamp and the relay coil. The 
lamp and the relay receive the same current but the current value 
through the combination will be less than that value which would 
flow through the lamp if the lamp were connected directly across the 
line. Similarly the power dissipated by the lamp would be lower than 
normal and the resistance of the lamp would be less than normal. 
For a direct-current application, the sum of the voltage across the 
lamp and the relay coil would be equal to the line voltage. For an 
alternating-current application, the vectorial sum of the lamp and 
coil voltages would be equal to the line voltage, but due to the re¬ 
actance of the relay coil the arithmetic sum of the lamp and coil 
voltages would exceed the line voltage. Where the power consumed 
by the relay coil is small compared to the power consumed by the 
lamp, the reactance of the relay coil may be ignored in determining 
the current passing through the combination or the voltage that will 
appear across the lamp. 

When using such a chart for direct-current problems, the line 
sloping downward to the right is in terms of watts, whereas when 
using the chart for alternating-current problems these lines as illus¬ 
trated indicate values in volt-amperes. 

The operating curves of three typical alternating-current relays 
are also shown. Near the center of the left margin is a plot for a 
sensitive relay. Starting at the bottom, as the voltage is increased, 
the impedance is more or less constant and the increase in current is 
proportional to the increase in voltage while the volt-amperes 
increase as either the square of the voltage or the square of the 
current, or as the product of voltage and current. At about 9 volts 
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applied to the coil, the armature of the relay closes and the impedance 
instantly increases from approximately 2000 ohms to about 4000 
ohms. A further increase in applied voltage up to about 20 volts 
results in no further variation. At 20 volts, however, the magnetic 
structure of the relay starts to saturate and from that point onward 
the impedance of the coil decreases and the current increases more 
rapidly than the voltage, whereas the volt-amperes continue to be a 
product of current and voltage. 

Near the center of the upper margin is a small plot for an industrial 
shunt relay. The curve greatly resembles that for a sensitive relay 
with certain exceptions. Whereas the sensitive relay operated at 
approximately 0.02 volt-amperes and the test was continued up to 
25 times this value at 0.5 volt-amperes, the standard relay operated 
at about 10 volt-amperes and would burn out instantly if called upon 
to withstand 25 times this value. 

Another difference will be noted in connection with the fact that 
the sensitive relay did not start to saturate until several times, 
normal power had been applied. Industrial type relays exhibit some 
signs of saturation at the operating point. This effect is due to satura¬ 
tion in the hinges which are designed primarily for quiet operation 
and long life rather than for extremely high permeability. It will be 
noted, in both the case of the sensitive relay and the shunt relay 
that, as the voltage applied to the coil is reduced, the curve does 
not follow its original path but continues as indicated by the arrow¬ 
heads until the armature drops open. At this time the impedance 
instantly changes to its original value when an increasing voltage 
has been applied to the relay before its armature had closed. 

In the lower right hand corner of Fig. 354, the performance of a 
series relay is plotted. In most respects this curve is similar to the 
preceding ones, but in this case, since the coil current is determined by 
external means and the voltage drop across the relay coil is deter¬ 
mined by the impedance of the coil, the dotted lines over which the 
current jumps as the armature opens and closes occur at a constant 
current and are therefore vertical instead of occurring in a constant 
voltage and being horizontal as in the former cases. 

The group of curves shown in the lower left hand corner of the 
chart illustrate the performance of remotely heated resistors having 
negative temperature coefficient of resistance. These particular 
devices are manufactured by the Western Electric Company, and 
are known as Thermistors. The several curves of the family show 
the performance of a Thermistor with various values of current as 
labeled in the margins applied to the heater element. For any point 
in the curves, the actual current through the Thermistor element 
may be read from the chart. It will be noted that, as the current 
through the Thermistor element increases, the curves all tend to 
approach each other, as with a large current in the Thermistor the 
heat generated in the element itself becomes so great that the ad¬ 
ditional heat furnished by the separate heater element becomes 
negligible. 
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Fig. 354. Chart, Current-Voltage-Resistance-Watts 
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Resonance Chart 

The chart shown in Fig. 355 is of a well-known type but it has 
been especially arranged to give prominence to those frequencies 
commonly encountered in relay applications. It shows the relation 
between reactance, inductance, capacity and frequency. When 
any 2 of these 4 values are known, a point may be located on the 
chart, and from this point the remaining 2 values may be determined. 
Most alternating current relay coils have such a high reactance that 
the resistance may be ignored unless very accurate determinations 
are required. The reactance may be easily determined in any event 
by the method described on page 415. 

The value so determined in terms of ohms, as shown in the left 
margin, will fix the height of a point and, since the frequency for a 
given application is usually known, the location of the point may be 
definitely fixed. From this known point the line sloping upward.to 
the right will give the henrys inductance of the relay coil, whereas 
line sloping downward to the right from the point will determine the 
value of capacity, necessary to resonate the coil. 

Since the henrys inductance in a coil will usually be more or less 
constant, regardless of frequency, it is possible to translate the 
characteristics of a coil at one frequency into the characteristics at 
another frequency by moving the point upward to the right at a 
constant inductance for higher frequencies or downward and to 
the left for lower frequencies. A little experience with the chart 
will indicate various other types of problems that may be quickly 
solved with it. 
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RESONANCE CHART 


100,000 A 


io,ooon4 


1 , 000/1 



ioo A 


io A 


lO'V 






800/\^ 


400'X, 


500^ 


Fig. 355. Chart, Frequency-Reactance-Inductance-Capacity 
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Insofar as practical, terms and definitions employed in this Hand¬ 
book have been modified to comply with “American Standard 
Definitions and Terminology for Relays.” This publication, desig¬ 
nated C83.16-1959, copyrighted and issued by the American Stand¬ 
ards Association, Inc., 10 E. 40th Street, New York 16, X. 
Copies of the complete text may be purchased from them. 

The data on Plastics was taken from the magazine “Modern 
Plastics” and particularly from the “Encyclopedia Issue for 1960 of 
Modern Plastics.” The address of this publication is 575 Madison 
Avenue, New York 22, N. Y. and the latest information on this 
subject may be obtained there. 

The National Association of Relay Manufacturers has issued 
various publications from time to time and has initiated the use of 
various terms and procedures that are reflected throughout these 

pages. 

Thanks are extended to the many manufacturers whose equipment 
and installations using Dunco Relays are shown in the various 

illustrations. 

Countless suggestions from Struthers-Dunn customers and staff 
members are acknowledged with deepest appreciation. 

Data used in the Appendix was based on information furnished by, 
or from tests on material manufactured by, the following concerns: 

Anaconda Wire and Cable Co. 

Belden Manufacturing Co. 

Bell Telephone Laboratories 
Century Electric Co. 

General Electric Co. 

Preece 

Westinghouse Electric Corp. 
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Abbreviations: dcf.. .definition; 


ex.. .example; 


illus.. .illustration 


A-c, def. 563 . 

circuits, low-voltage instruments ap¬ 
plied to, 166 
coils, 402-405 
coils in series, 55-56 
d-c, selective circuit, 178 
to d-c disc rectifier, 489 
vs. d-c coil considerations, 402 
Absorption circuits, def. 563; 27, 49o, 

507 • -.1 
Accelerated relay operation with con¬ 
denser, 260-261 

Accelerating motor control, 241 
Acceleration testing, 536 
Active circuits, determining number oi, 
292-299 

Adjustabre overload relays, 345 
Adjusting, timers, 73 
Admittance, def. 563 
Air gap, 378-380 
Air traffic control, illus. 

Alarm circuit, 128, 147-148, 276-277; 

illus. 15, 19 
Alphabet (Greek), 631 
Alternating current, def. 563 
Aluminum, electrode potential, ouo 
wire, current to fuse, 612 
Ambient temperature, del. 5b3, ooo- 

539, 542 a • i * 

American Standard for Industrial Con¬ 
trol Apparatus, 551-559 
Ammeter, def. 563; 104, 521 
Ampere, def. 563 

Ampere-turn, def. 563; 396-399, 411 
Amplification factor, def. 563; 498 
Amplifier, def. 563 
circuits, 498-501 
control cabinet, illus. 499 
saturation, 386 
tube, operation, 495-500 
Aniline formaldehyde resin, 444-409 
Anion, def. 563 
Anneal, def. 563 
Anode, def. 564; 495 
Anti-freeze, 380 
Anti-freeze pin, def. 564; 439 
Anti-jack pot relay, 340 
Arc, def. 564; 49, 388-395 
path, def. 564; 390 
suppressor circuits, 507 
Arcing at contacts, 543 
Area of wire, cross sectional, biu 

Armature, def. 564 
fails to close, 546 
fails to open, 546 
force distribution, 439 
forces on, 429-431 

open, relay coil current, 55, 408-41U, 
634 

Asynchronous, def. 564 


Audio frequency, def. 564 
Automatic reclosing circuit breaker, 
244-246 

Auxiliary contacts, 61, 129, lo3 

to shunt coil upon closure of arma- 

to switch tap on relay coil, 130-131 
to reduce coil current upon closure ot 
armature, 129 
Auxiliary equipment, 473 
Auxiliary relay, 124 

Back contact, def. 564 

Back lash, def. 564; 75 

Back voltage, see reverse voltage, del. 

591 

dynamic braking, 226 
Bakelite, def. 565; 444-469 
Ballast, def. 565; 194, 204 
Ball-bearing hinge construction, 435- 

436 

Band pass filter, 190-191 
Bare wire characteristics, 610 
Barrier type rectifier, 489-493 
Base, warping of, 514 

Battery, 103 

charge control, 219-22o 
charging combination, 224-22o 
charging rectifier, 493 
Bellows, def. 565; 70 
Beryllium, def. 565 
Bibliography, 639-641 
Bi-metal, def. 565; 71 
Binding post terminal, def. 565, 43J 
Blowout coil, def. 566; 121, 153 
coil, principle of, 389-391 
Blowout magnet, def. 566; 27, 391-393 

Bobbin, def. 566 ... 

Bounce, contact, def. 566; 30, 46, 544 
Bow type thermal relay, 114-1 lb 
Brake, def. 566 
dynamic, 226-229 
prony, 519 
Branch circuit, 103 
Brake-before-make, def. 5bb 
Breaker, circuit, def. 568; 127 

Br circuit 20 def. 566; 182, 183-185, 204, 
296-299 
Kelvin, 519 
type rectifier, 489 
Wheatstone, 519 # 

Burning rate of plastics, 464, 4bb 

C, def. 566 
Cadmium, def. 566 

electrode potential, bOb OQ 

Cam, def. 567; symbol, 107; 73,420-423 
motor driven, symbol, 108, 73, 420 

423 

ratchet operated, symbol 107; 245 
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Capacitative reactance, def. 567; 504 
Capacity-reactance-frequency, nomo¬ 
graph, 624 

necessary for resonance, nomograph, 
620 

Capacitor, 105, 164 

motor currents table, 632 
Carbon filament, def. 567; 278 
Carrier current, def. 567 
Carrying capacity of contacts, 46, 74 
Casein, 444-469 
Cathode, def. 567; 496, 605 
Cellulose compounds, 444-469 
Celsius, temperature conversion, 615 
Centigrade to Fahrenheit, formula, 615 
scale, 616 

Centrifugal starting switch vs. relay, 
243 

Ceramic, def. 567 
Charging control, 219-225 
Chatter, contact, def. 567 
Chatter eliminator 
condenser, 507 
motor driven, 164 
thermal delay, 162 
Choke, def. 568 

Chromium, electrode potential, 606 
Circuit, def. 568 
absorption, 27, 495, 507 
breaker, def. 568; 127 
breaker, reclosing, 244-246 
breaker, trip free control, 239-240 
elements, symbol 103-112 
ground detector, 157-158 
internal short, 543 
lock-up, comparison, 137-138 
lock-up, dual operated, 139-141 
parallel, 505 
phantom, 186 
polarized by rectifier, 182 
polarized relay, 180-182 
polyphase, 157, 170-175 
selective, 178-191 
semi-phantom, 187-188 
sneak, 133-136 
throttling, 170-177 
tripping, 144-147, 199, 245, 271 
Circular mil, def. 568; 610 
Clapper magnet, 381-384 
Clarity of plastics, 464-469 
Cleaning relays, 515-517 
Clearance holes, 514 
Close differential, circuits, 279, 300-301 
relay, 362 
Clutch, 272 

magnetically engaged, symbol 108 
magnetically disengaged, symbol 108 
Code, contact, 112 
contact letter, 91-93 
feature number, 96-97 
frame number, 78-79 
timer, 99 

Coded cam, def. 569; 73, 99-100 
Coefficient, of expansion, temperature, 
def. 569; 278 

of resistance, temperature, def. 569 
Coercive force, def. 569 


Coil, def. 569 

a-c vs. d-c, 402-405 

blowout, 389-391 

calculations, 52-57, 407-417, 605 

characteristics, 409, 410, 413 

computations, 407-415 ’ 

corrosion, 406-407 

data, midgets, 410 

general consideration, 396-399 

impregnation, 400-401 

inductance, 505 

matching, 52-57 

mechanical construction, 399-402 
operation in series, 54-57 
overheating, 542-543 
resonance, 505 
selection, 52-57 
shading, 417-420 
spare parts, 517 
tapped, 405 

temperature rise, 536-539 
under-voltage, 34 
vector diagram, 56, 416 
winding data, volume, 605-610 
winding tables, 607 
Coil frame, def. 569 
Cold flow, def. 569 
Cold molded, 444-469 
Cold molding, def. 569 
Combination testing, 534-535 
Commercial testing, 519-522 
Commutator, def. 569 
follow-up system, 201-204 
remote selection, 198-201 
Compression molding, temperature of 
plastics, 456-459 

Compression ratio of plastics, 456-459 
Compressor control circuits, 162 
Condenser, 260, 502-506 

accelerates relay operation, 260-261 
delay relay, 258-259 
electrolytic, 506 
timer, 66, 74 

Conductance, def. 570 

Conductivity, electrical, def. 570 
thermal, def. 570 
Conical springs, 427 
Constant g acceleration testing, 531 

Contact, def. 570; symbols 106-110 
arcing, 543-544 
arrangement, 39 
auxiliary, 61, 129, 149, 153 
bounce, 30, 544 
chatter, 531, 533 
chatter eliminator, 162 
double break, 25-30 
electrical interlock, 123 
engagement, 39 
letters, def. 570 
letter code, 91-95 
life, 544 

maintenance, 517 
materials, 441-443 
operating cams, 420-423 
snap action, 39 
slow make and break, 39 
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Contact, pilot, 

characteristics, table 42 
control duty, 39 

dominant and subordinate, 154, 
157 

HCL, 31, 40-42, 159, 160 
heavy duty, 39 

make and break, 40-42, 160-161 
micro-sensitive, 39 
pointed, 33 
pressure operated, 38 
sensitive, 39 
rating, 25, 51, 74 
selection of, 25 
single break, 25-30 
spare parts, 517 
spring, 430, 431, 541, 542 
timer, 72 
welding, 46, 541 
wipe, 544 

Contactor, def. 572; 11 
Continuous duty coil, 33 
Control board, illus. 20 
Control cabinet, illus. 485 
Control circuits, low' voltage, 166-169 
Control duty contacts, def. 572; 39 
Control relays with overload and trip- 
free auxiliary, 239-240 

Controlling devices, 38 
Convection, def. 572 
Conversion scale, Centigrade to Fahren¬ 
heit, 616 

Fahrenheit to Centigrade, 616 
Copper, electrode potential, 606 
Copper oxide rectifiers, 489 
Copper wire, bare properties, 611 
current to fuse, 611 
tables, 606-610 
temperature rise, 537 

Core, def. 572 
a-c flux, 417-420 
eddy current losses, 440 

Corona, def. 572 
losses, 434 
Corrosion, 605 
coil, 401, 406-407 
Cosecant, defined, 626 
Cosine, defined, 625 
Cotangent, defined, 626 
Cotton insulated wire, outside diam¬ 
eters, 609 
Coulomb, def. 572 
Covers, 98, 473, 481 
Credits, list of, 642 
Crystal can relays, 309 
Cup washer, def. 572; 432 
Current, growth and decay, d-c coil, 406 
rating, def. 572 

voltage-resistance-watts chart, 636 

Cycle, def. 573 
timer, def. 573 
timing, letter symbols, 256 

Cycles, timing, 13, 247-253 


D-c, def. 573 

circuits, low voltage, instruments ap¬ 
plied to, 168-169 
coil, 402-405 
coil inrush, 129-130 
Dash pot timer, def. 573; 69-70 
Decay, def. 573 

and growth of current in d-c relay 
coil, 406 

Deenergize, def. 573 
Definitions of terms, 563-602 
Delay, hot wire, 262-264 
thermally operated, 71-72 
Delayed action, 249 
inertia relay, 254-256 
Delay relay (see timer) def. 573 
Delayed relay release, 258-260, 493 
Delta, def. 573 
Delta-Wye, def. 573 

throttling circuit, 170-176 
transfer relay, 171-172 
Detector circuit, ground, 157-158 
Diagram, elementary, 116-120 
picture, 114-115 
schematic, 115 

Dielectric constant of plastics, 452-455 
Dielectric strength, def. 573; 452-455 
Dielectric tests, 555-556 
Direct current, def. 573 

motor current, table 632-033 
Dirt, 515-517 

Discharge, condenser, def. 574; 507 
electrical, def. 574 
Disconnects, 512-513 
Distortion under heat of plastics, 448- 
451 

Domination, def. 574; 154-156 
Double break contacts, def. 574 
vs. single break, 25-30 
Double lock-up relays, 159-161 
Double pole, def. 574; symbol 105 
Double throw, def. 574; symbol 109 
Drift limit, 425 
Drill sizes, 614-615 
Drop-out, def. 574 
Dry Reed relays, illus. 369; 370-372 
operate power, 372 
Dry Reed sw itches, 368 
Dual Control sequence domination, 154- 
156 

Dual purpose recycling motor driven 
timer, 252-253 
Duration of delay, 74-75 
Dust, 515-517 
cover, 474 

Duty cycle, def. 574; 32 
Dynamic brake, def. 574 
Dynamic braking and reversing d-c 
motor, 226-228, 234-237 

E, def. 574 

Eddy current, def. 574; 379, 403, 440 
Effect of organic solvents on plastics, 
464-469 

Effect of strong acids on plastics, 404- 
469 
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Effect of strong alkalies on plastics, 464- 
469 

Effect of sunlight on plastics, 464-469 
Effect of weak acids on plastics, 464-469 
Effect of weak alkalies on plastics, 464- 
469 

Elastic limit, 424-425 
Electric lock-up circuit, 40, 136, 140- 
141, 148, 159-195 

Electric properties of plastics, 452-455 
Electrical interlock, 123 
Electrical reset latch relay, symbol 106; 
266 

Electrode, def. 575 

potential of metals, 606 
Electrolysis, def. 575; 495 
Electrolytic condenser, 506 
Electromagnet, def. 575 
Electromagnetic relay, def. 575 
Electromotive force (emf), def. 575 
Electron, def. 575; 495-500 
Electrostatic field, def. 575 
Elementary diagram, 116-120 

of forward breaking, reverse split 
field motor circuit, 226 
of progressive lock and unlock relay 
group, 192 

Elimination of chatter, 162-165 
Elkaloy, Elkonite, Elkonium, def. 575 
Elongation percent of plastics, 460-463 
Emergency lamp, 215-218 
relay, 215 

and emergency power supply relay 
combination, 215-219 
power relays, 215-218 
Enamel wire, outside diameters, 607 
Enclosures, American Standards, 557- 
559 

Energize, def. 575 
Environmental testing, illus. 526 
Equivalent relay symbols, 110-111 
Escapement timers, 69-70, 74 
Evolution of the relay, 18 
Excessive arcing at contacts, 543-544 
Excessive hum on a-c relay, 541-542 
Excitation, motor field, 231 
Explosion-proof covers, 474-475 
Exponential functions, plotted, funda¬ 
mentals and hyperbolic funda¬ 
mentals, 628, 629, 630 
Extending timer, def. 575 
and limiting thermal, 269-270 
motor driven, 273-274 
thermal, 266-267 
Eyelet terminal, def. 575; 433 

f. def. 575 

Fahrenheit to Centigrade conversion 
scale, 616 

Fatigue limit, 424-425 

Feature number, def. 576; code, 96, 97 

Ferromagnetic material, def. 576 

Ferrous, def. 576 

Filament, def. 576; 44, 217, 278 

Filter, electrical, def. 576; 190 

Fire alarm control panel, illus. 32 


Fire equipment installation on the 
Pennsylvania Turnpike, illus. 
497 

Fire signal system, illus. 28; 29, 32, 35, 
483 

Fire Underwriters’, 560 
Fixed contact, def. 576 
Flasher, motor driven, 217-219 
Flashing lamp, 217-219 
Fleming’s Rules, 387-390 
Flex lead or pigtail, symbol 106 
Flexural strength of plastics, 460-463 
Flux (see magnetic flux), def. 576 
leakage, 153, 381 

density (see magnetic flux density) 
377; def. 576 
Fluxmeter, 519 
Flywheel relay, 68, 74 
Flywheel timer, 68, 74 
Folded circuits, 282-283 
Follow-up system, motor driven, 202- 
203 

Forces, acting on relay arm, 429-431 
Force distribution, armature, 439 
Foreign countries, power frequencies, 
621-622 

Forward and back stepping relay, 212 
Forward and reverse inching, 238-239 
Fourway switching, 124-125 
Fractional second delays, 68 
Frames, relay, 78-90 
Frame number code, 78-90 
Frequencies, geographic distribution, 
621, 622 

Frequency, def. 576; 189-191 

capacity-reactance, nomograph, 624 
inductance, reactance, nomograph, 
623 

of operation, 32-33 
resonance, nomograph, 619, 620 
selection, multiple control, 189-191 
Front contact, def. 577 
Full wave, def. 577 
rectifier, 489-493 
Functions, exponential, 628, 630 
hyperbolic, 628, 629 
trigonometric, 625-627 
Fungicides, def. 577 
Fuses, symbols 103, 512 
Fusing current, various wires, 611, 612 

g, def. 577 

(lap, contact, def. 577; 429 

magnetic, def. 577; 377, 378, 430 
Gauges, standard metal, 613 
Gauss, def. 577 

General purpose control relays, illus. 

320; 317-319, 339-341 
Generator cutout, 223-225 
Generator starting control, 224-225 
Geographic location of frequencies, 621, 
622 

German silver, wire, current to fuse, 612 

Gilbert, def. 577 

Glass covers, illus. 516; 478-480 

Glyptol, def. 577 

Gram (gramme) def. 577 
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Gravity (g), def. 577 (see g) 
operated relays, 216 
Greek alphabet, 631 
Grid, vacuum tube, def. 577; 496-500 
Ground, symbol 103 

detector circuit, 157, 158 
Ground fault detection, illus. 13 
Growth and decay of current in d-c 
relay coil, 406 

Guarantee, Struthers-Dunn, Inc., 551 

H, (see magnetizing force), def. 582 
HCL (see High-Common-Low), def. 

f)78 * 

Half wave, def. 578 
Half wave rectifier, 489-491 
Hardness of plastics, Brinell & Rock¬ 
well, 460-463 

Heater, thermal element, symbol 103 
Heating circuits, 170-177 
Heavy duty contact, 39 
Helical springs, 425 
Helix, def. 578 

Hermetic sealed testing, 525-527 
Hermetically sealed, def. 578 
relays, 310, 311, 313, 315, 434 
High-Common-Low, def. 578 
pilot control, 40-41, 159-160 
High current relays, illus. 304; 336, 
338, 339 

High current low voltage relays, 333 
High pass filter, 189-190 
High speed relay operation with con¬ 
denser, 260-261 
High voltage relays, 346 
High voltage testing, 519 
Hinge construction, 435-438 
Hooke’s Law, 424 
Hot wire relay, def. 578 
Hot wire timer, 74, 262, 264 
Housing, 473-481 
code, 98 

explosion-proof, 515 
glass, 478, 479, 480, 516 
metal, 476, 477 
plastic, 477 

weather-proof, 474-475 
Hum, def. 578; 541-542 
Hygroscopic, def. 578 
Hyperbolic functions, 628-629 
Hysteresis, magnetic, def. 578 

I. def. 579 

Immediate recycling timer, 579 
motor driven timer, symbol 108 
thermal timer, 71, 263-265 
Impact strength of plastics, 460-463 
Impedance diagram, 56-57 
Impedance of coil, 415 
Impregnation of coils, 400-402 
Impulse, def. 579; 198, 210, 212 

duration detector and supervisor, 
276-277 
integrator, 211 
limiter (thermal) 267-268 
transmitter, 257, 274-275 
transmitter, adjustable, 276 


Incandescent lamp, 278 
Inching control, 238-239 
Inductance necessary for resonance, 
nomograph, 620 

reactance frequency, nomograph, 623 
Induction, electromagnetic, def. 579 
Inductive, def. 579 

circuit interruption, 25 
loads, 44 

reactance, formula, 504 
Inductor relays, 348 
Industrial apparatus, American Stand¬ 
ards 551-559 

Industrial relays, 316-317, 320, 325-328, 
348 

Industrial relay coils, 409-413 
Inertia, def. 579 

relays, 68, 74, 87, 254-257 
time delay relay, symbol 105; 362 
Injection molding pressure of plastics, 
456-459 

Inrush, def. 579 
current, 44-47 
lamps, 634-635 
motors, 632 
relay coils, 635 
current motor tables, 632-633 
quenching, 217 

Inspection test panel, illus. 53 
Installation and service, 511-547 
Installation, 511-514 
Instrument chatter elimination, 162- 
165 

Instrument contact types, 31 
Instrument controlled circuits, symbol 
104; 136-157, 159-177, 358 
relays, 358 

Instruments, low voltage, 166-169 
Insulation, def. 579 
Integrating timer, def. 580; 76 
Integrator, def. 580 
impulse, 210-212 

Interface potentials of metals, 605-606 
Interlocked relay group, 205-208, 342- 
343 

Interlock relay, def. 580 
electrical, 123, 342-343 
Intermittent service coils, 33 

Interpolation, def. 580 

and exterpolation, coil characteristics, 
411-413 

and exterpolation of coil value, 411- 
412 

Interrupting capacity of contacts, 25, 
47, 51 

Inverse time, def. 580; 245, 270-271 
Inverter, def. 580 
Ion, def. 580 
Ionization, def. 580 
Iron, electrode potential, 606 
fusing currents of wire, 612 
loss, def. 580 

Jack and Plug mounting, 433, 488 

Jewel bearings, 436, 438 

Joule’s and Ohm’s Law Chart, 634-636 
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Kelvin bridge, 519 

Kelvin, temperature scale conversion, 
616 

Keying, def. 580 

Kinetic energy, def. 580 

Knife edge hinge construction, 435-436 

Knife switches, symbol 105 

Knock-out box installed relay, illus. 482 

L, def. 580 

Laminated magnetic structures, 377, 
379; figs. 85, 88, 90 
Lamp currents, 634 
emergency, 215-218 
failure relays, 215-219 
illuminating or indicating, symbol 
104 

loads, 45-51 
service, 215-218 

Latch coil (upper coil-mech. latch-in) 
153 

Latch electrical reset, N.O. contact, 
symbol 106 

Latch mechanism, symmetrical 58-61 
Latch relay, 144-147, 349-351, 360 
with auxiliary contacts, 149-153 
manual, 146 
Lathe control, illus. 481 
Lead wire, current to fuse, 612 
Leakage, electric, def. 581 
flux, def. 581; 380-381 
magnetic, def. 581 
Letter symbols, contacts, 91-95 
timer code, 99-100 
Life of contacts, 544-545 
Life testing, 522 

Lignin plastics (laminated), 444-469 
Limit, elastic, def. 581; 424-425 
drift, def. 581; 424-425 
fatigue, def. 581; 424-425 
Limit, proportional, def. 581; 424-425 
switch, symbol 105; 137-138, 233, 367 
Limiting thermal timer, 269-270 
Limiting timer, 76-77 
Limiting timer, limiter, def. 581 
Limitor circuit, 268 
Line and schematic drawings, 115-116 
Line voltage, def. 581 
Listing of products by Underwriters’ 
Laboratories, Inc., 560-562 
Load, symbol 105 

Load, selection, remote, 132-136, 178- 
201 

Loads, contact, 44 
Loads, nature of, 44-101 
Lock and unlock relay group, 192-194 
Lockup, circuits, electric, 136-141, 148, 
159-160 

electrical, def. 581 
mechanical, def. 581; 58-61 
pilot, 40-41 

relay group—locking one unlocking 
others, 205-206 
Loop circuit, def. 582; 128 
Low pass filter, 190-191 
Low voltage pilot instrument, 31, 39, 
166-169 


Low voltage, high current relays, 341 
Lug, solder, terminal, 432-434 
Lumarith, def. 582; 444-469 

MbB, def. 582 

Machining qualities of plastics, 464-469 
Magnet, permanent, 27, 392-393 
Magnet wire tables, 608-610 
Magnetic blowouts, 25-27, 389-392 
Magnetic circuit, def. 582 

core coil or field coil, symbol 104 

field, def. 582 

flux, def. 582 

induction, def. 582 

leakage for blowout, 152 

polarity, 387-388 

pole, def. 582 

structures, 377-384, 81-90 

theory, 386-395 

Magnetically polarized, symbol 107 
Magnetizing force (H), def. 582 
Magnetomotive force (mmf) def. 582 
Maintenance of relays, 515-518 
Make, def. 582 
Make and break, symbol 104 
control, 41 

instruments, function reversed, 142- 
143, 166 

Make before break (MbB) def. 583 
contact, symbol 107 
Manual, def. 583 
Manual latch relays, 146-147 
Marginal relay, def. 583 
Mass Spectrometer, illus. 524; 527 
Maxwell, def. 583 

Mechanical construction coils, 399-402 
Mechanical interlock frame numbers, 
79 

Mechanical latch-in, def. 583 
electrical reset relays, 58-61, 144-147, 
149-153, illus. 320 

Melamine formaldehyde compound, 
446, 448-469 
Memory circuit, 227 
Memory contact, def. 583; 227-228 
Memory control relays, 319 
Mercury relays, 328-330 
Metal gauges, 613 
Meters, symbol 104; 519 
Methods of securing delay, 65-71 
Micro, def. 583 

micro-sensitive instruments, 39 
Midget relays, 334-337 
coil data tables, 410 
Military relays, 305-315 
Military testing, 523-539 
Milliammeter, def. 583; 521 
Millivoltmeter, def. 583 
Miss testing, low level, 527-529 
Modulus of elasticity of plastics, 460- 
463 

Mold-fungus, def. 583 
Molded cover, 473-480 
Molding characteristics of plastics, 456- 
459 

Motor accelerating control, 241-242 
Motor current table, 632-633 
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Motor drive synchronizer, 201-202 
Motor driven chatter eliminator, 164- 
165 

Motor driven follow-up system, 202-203 
Motor driven timer (see timer) symbol 
108 

Motor generator or rotating armature, 
symbol 108 

Motor or generator, a-c or d-c with 
separate field, symbol 108 
Motor reversing circuit, 154, 226-230, 
234-236 

Motor, shunt, reversing and dynamic 
braking of, 234-237 
Motor starting, single phase, 243-244 
Motor starting relays, 344-345 
Motor torque control, 231-233 
Mounting, 482-488, 514 
Mounting and panel wiring, 482-487 
Mounting locations, 511-512 
Mounting relays, 36, 514 
Multiple, def. 584 

arm bridge circuit, 183-185 
break, def. 584 

control frequency selection, 189-191 
use control lines, 178-181 
Multipole industrial relays, 348 

N, def. 584 

Negative temperature coefficient re¬ 
sistor, 278-281 
Neon glow lamp, 196-197 
Nickel, electrode potential, 606 
Nomograph, capacitance, inductance, 
frequency, 620 

Nomograph capacity reactance fre¬ 
quency, 624 

Nomograph inductance, reactance, fre¬ 
quency, 623 
Non-ferrous, def. 584 
Non-freeze pin, def. 584 
Non-sinusoidal waves, 617, 618 
Non-snap action, def. 584 
Non-symmetrical latch mechanism, 60- 
61 

Non-synchronous, def. 584 
Normal position, def. 584; 77 
Normally open, def. 584 
Normally closed, def. 585 
Normally open and normally closed 
contact, symbol 109 
elementary, symbol 109 
limit switch, symbol 105 
push button, symbol 105 

Ohm, def. 585 
Ohmmeter, def. 585; 519 
Ohm’s Law, def. 585 
Ohm’s and Joule’s Law chart, 634-635 
Oil immersion of relays, 51 
Open phase protection, 126-127 
Operating coil, elementary (see coil), 
symbol 109 

schematic (see coil) symbol 106 
Operation of 3 wire instruments and 
M&B, 90-91 
Optimum, def. 585 


Oscillatory current, def. 585 
surge, def. 585 
Oscillogram, def. 585 
Oscillograph, def. 585 
Oscilloscope, def. 585 
Overheating of coil, 542-543 
Overload, def. 585 

Overload, electrical reset with auxiliary 
contact, symbol 106 
Overload, inverse time, 62, 270-271 
Overload relays, 345-346 
Overload relay circuits, 62-63 
Overload relay with trip free auxiliary, 
239-240 
Oxide, def. 585 

P, def. 585 

P.W. Series of delayed action illustrated 
with inertia relays, 254-256 
Palladium, def. 585 
Panel wiring, illus. 481-487; 482-488 
Parallel (see Multiple) def. 586 
Parallel operation of contacts, 46 
Parallel resonance, 505 
Patent drawing, 373 
Paths, eddy current, 440 
Pawl, def. 586 
Peak inrush, 218 

Permanent magnet blowouts, 27, 393 
Permeability, def. 586 
Permeance, def. 586 
Phantom circuit, def. 586 
Phantom control, full, 186-187 
semi, 187-189 
Phase, def. 586 

Phenol formaldehyde compound, 444- 
469 

Phenol furfural compound, 444-469 
Pigtail (flexible) def. 586 
or flex lead, symbol 106; 30 
Pilot circuit, def. 587; 38 
Pilot contacts, characteristics table, 42 
control duty, def. 587; 91 
dominant and subordinant, 154-157 
HCL, 31, 40-42, 159, 160 
heavy duty, 89 
low voltage, 166-169 
make and break, 40-42, 160-161 
micro-sensitive, 39 
pointed, 33 
pressure operated, 38 
sensitive, 89 

Pilot instrument, def. 587 
Pin hinge construction, 435-436 
Pivot, 435-438 
Plastics, def. 587 
hardness, 460-463 
materials, 444-469 
strength, 460-463 
Plate (anode) current, 495-496 

Platinoid wire, current to fuse, 612 
Plug and jack mounting, 433, 488 
Plug-in relays, 314-315 
Pointed contacts, 33 
Polarity, electric, def. 587 
magnetic, def. 587 
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Polarity of electro magnet, 387-388 
Polarized, def. 587 
relay circuits, 181-182 
Pole, magnetic, def. 587; 387-388 
relay or switch, def. 587 
Polymerize, def. 588 
Polyphase (see phase), def. 588 
Polystyrene, 444-469 
Polyvinyl butyral resins, 444-469 
Polyvinyl chloride resins (plasticized), 
444-469 

Potential and series coil, symbol 106; 
218-219 

Potentials, electrode, 606 
Potentiometer, def. 588; 203, 278, 520 
Power, def. 588 

factor, def. 588; 403 
failure, 181 

failure relays, 181, 215-217 
Power frequencies, geographic distribu¬ 
tion, 621, 622 

Power ratio for various connections, 
table 171 
Power relays, 311 

Pressure-operated pilot contacts, 162- 
163 

Preventer, def. 588 
circuit, 206-208 
locking, 207-208 
non-locking, 206 

Prevention of single phase operation, 
126-127 

Production test panel, 520-521 
Progressive lock-up circuit, 194-195 
Progressive lock and unlock relay group, 
192-193 

Prony brake, def. 588; 519 
Properties of plastics, 444-469 
Proportional limit, 424-425 
Protection, kinds of, 511-512 
Pull-in or pick-up, def. 588; 406-407, 
429, 431 

Pulsating current, def. 588 
Pulse, def. 588; 276-277 
Pulse duration detector and supervisor, 
276-277 

Pulse transmitter, 257 
Pulsing circuit, 274-275 
adjustable, 274-275 
Pump control, alternating, 208-209 
Push button (momentary), symbol 105 

Q, def. 588 

Quench circuit, def. 588 
Quenching, 217 

R, def. 589 

rms, (root mean square), def. 589; 615, 
617, 618 

Rankine temperature scale, conversion, 
615, 616 

Ratchet sequence electrical reset, sym¬ 
bol 108 

Ratchet type sequence relay, 212-214 
Rating, def. 589 

contact, def. 589; 49 
short time, def. 589 


Ratio, def. 589 
Reactance, def. 589 
formula, 504-506 

frequency, inductance, nomograph, 
638 

Reamur temperature scale conversion, 
615, 616 

Reclosing circuit breaker, 244-246 
Recording scale control, illus. 50 
Rectifier, applications, 489-493 
circuits, 489-494 
for battery charging, 494 
for delayed relay release, 493 
loads, 45 
symbol, 104 
Recycling, def. 589 
Recycling timer, 365, 366 
Reed, dry relays, 369-372 
dry switches, 368 
Refrigeration control, 142, 143 
Relay (see particular type) 
and engineering definitions, 11 
controlling devices, 38 
evolution, 18 
history, 21 

panel in central control cabinet, 
illus. 487 

symbols for complete wiring, 106-108 
terminology, 13 
Relays, type of 
dry reed, 368 
general purpose, 317 
high current—low voltage, 333 
high current midget, 336 
high voltage, 346 
industrial, 316 
inductor, 348 
inertia delay, 362 
instrument controlled, 358 
interlocked, 342 
latch, 349 
limit switch, 367 
memory, 319 
mercury, 328 
midget, 334 
military, 305 
motor starting, 344 
overload, 345 
power, 311 

reversing contactors, 343 
sealed pile-up, 312 
sensitive, 352 
sequence, 321, 355 
sets, 359, 360 
solenoid, 331 
special purpose, 360 
spring pile-up, 312, 313 
time delay, 324 
vacuum switch, 347 
voice circuit, 347 

Relay symbols for complete wiring, 
106-108 

Release, def. 590 
Reluctance, def. 590 
Reluctivity, def. 590 
Remote control, def. 590 
bridge circuit, 183-185 
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Remote multiple control, 178-182 
Remote selection commutator, 198-199 
Remote selection of loads, 132-136 
Remote selection, eight loads with three 
relays, 132-136 

Remote selector circuit, 196-197 
Repeating timer, symbol 108; 73, 247 
cireuits, 272-274, 364-365 
Repulsion induction motor currents 

table, 632 

Reset, automatic, def. 590 
electrical, def. 590 
manual, def. 591 
Reset relay, 361 
Residual magnetism, def. 591 
Residual pin location (anti-freeze), 439 
Resistance, def. 591 

contact, def. 591 . 

of copper wire, per cubic inch, 607 

per thousand feet, 610 
watts, current, voltage chart, 636 
method of measuring temperature 
rise, 536-539 
of coil, 413, 414 

Resistance to heat of plastics, 448-4ol 
Resistivity or specific resistance, def. 
591 

Resistor, def. 591 
symbol 103 

ballast, 278-279 . 

negative temperature coefficient, use 

of, 278-279 

Resonance, chart, 637-638 
nomograph, 619-620 
Resonant, def. 591 
Retentivity, def. 591 
Retractile spring, def. 591; 429-431, 
540-542 

Reverse jack mounting, 488 
Reverse voltage, def. 591; 226 
Reversing contactors, 343-344 
Reversing and dynamic braking shunt 
motor, 234-236 

Reversing motor circuits, 154, 226-230, 
234-236 , , , , 

Reversing function of make and break 
instrument, 142 
Right hand screw law, 386, 387 
Ring or slug retard, def. 591; 100, 66-67 
Ripple frequency, def. 591; 491 
Root mean square (rms), def. 592; 615, 
617, 618 

Round and round timer, 247-252 
Rubber, compounds, 444, 469 
Running current for motors, 632, 633 

Saturating reactor, 385 
Scale showing relay panel, ulus. 486 
Schedule of timing cycles, 73, 116-120 
Schematic drawing, 115 
Scope of book, 12 
Sealed relays, 312 
Search coil, def. 592 
Secant, def. 626 
Selection of relay, 25-100 
Selective, def. 592 
circuits, 178-201 


Selector switch, multi-point, symbol 

105 , , , 

Self energizing circuit (see lock-up), 
136, 148, 159-160 

Semi-phantom circuit, def. 592; 187-189 
Sensitive contacts, def. 592; 39 
Sensitive relays, def. 592; 67, 352-354 
snap action, symbol 105 
Sensitive tripping circuits, 144-146 
Sensitivity, def. 592 
Sequence control relay, 321-323 
Sequence domination, def. 592; 154-lob 
Sequence lock and unlock relay group, 
192-194 

Sequence lock-up circuit, 192-194 
Sequence relays, illus. 323, 321, 355-358 
circuits, 212-214, 245, 284-289 
Series, def. 592 
Series coil, 54-57 

Series impedance diagram, 56 

Series operation of relays, 54-o7, 
159-161, 283-284 . 

Series parallel throttling circuit, 176-177 
Series resonance (see resonance), 505 
Service conditions, trouble shooting, 
540 

Service lamp supervisor, circuit, 215- 
218 

Shading coil, def. 592; 403, 417-420 
Sheet metal housings, 473, 476-477, 51o 
Shelf life, def. 593; 401 
Shellac compound, 444-469 
Shock (resistant), circuit, 159, 161 
testing, 530-531 
Short circuit, def. 593 
Shunt, def. 593 
coil, 409-410, 636 
Signal bell, symbol, 104 
Signal system panel, illus. 28 
Signs of trigonometric functions in 
various quadrants, 625 
Silk insulated wire, outside diameter, 
609 

Silver, coin, def. 593 
electrode potential, 606 
Silver, fine, def. 593 
sterling, def. 593 
contacts, 441 
Sine, def. 593; 625 
Sine wave, def. 593; 625-627 
Single break, def. 594 
symbol 107; 91 

contacts, symbol 107; 91, 25, 27 
vs. double break, 25-30 
Single phase, def. 594 
motor starting, 243-244 
operation, 126 

rectifier, 489, 490 
throttling circuit, 176-177 
Single pole, def. 594; symbol 105, 107 
Single revolution timer circuits, 247-2o2 

extending, 76 . . 

extending and limiting, 27w-274 

limiting, 76-77 
Single throw, def. 594 
Sinter, def. 594 
Sinusoid, def. 594 
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Sinusoidal, def. 594; illus. 617 
Six step Delta-Wye combination, 172 
Slide rule for temperature rise, 538-539 
Slotted nut, 432 

Slow make and break (see chatter), 
def. 594; 39 
Snap action, def. 594 

sensitive relays, symbol 105 
Sneak circuit, def. 594; 133-136 
Softening point of plasties, 448-451 
Solder type terminals, 434 
Solenoid, def. 594 

a-c and d-c brake, rating, 521 
Solenoid contactors, 331-332 
Solenoids, 367 
Space factor, def. 595 
Spacings, Underwriters’, 561-562 
Spaghetti, def. 595; 483 
Spare parts, 517 
Special purpose relays, 360 
Special tests, 525-539 
Specific gravity, def. 595 

heat and volume of plastics, 448-451 
Spiral spring, 425 
Split-phase, def. 595 
Spring, contact, def. 595; 541, 542 
Spring forces on armature, 429-431 
Spring hinge construction, ex. 437-438 
Spring, 424-431 
bracer, def. 595 
contact, def. 595; 430-431 
restoring, def. 595 
retractile, def. 595 
return, def. 595; symbol 108 
tension, 425, 428-429 
Spring pile-up relays, 312, 313 
Standard metal gauges, 613 
Standards, American, for industrial 
control apparatus, 551-559 
Starting current for motors, table 
632, 633 

Step-by-step, lock-up circuit, 194 
remote selector circuit, 196 
Stepping relay, def. 595 
circuit, 245 

forward and back, 212 
Stop, armature, def. 595 
armature, non-magnetic, def. 595 
spring, def. 596 

Storage battery control, 219-225 
Strain, 424 

Stray flux (mechanical latch-in), 393- 
395 

Stress, 424 

Structure numbers, 79 
Structures, magnetic, def. 596; 81-90 
Struthers-Dunn, Inc., guarantee, 551 
Struthers-Dunn, Inc., history, 21 
Stud, 432, 488 
armature, def. 596 
spring, def. 596 
Sub-miniature relays, 309 
Supervision of alarm circuit, 128 
Supervisor and supervisory, def. 596 
circuit examples, 128, 199, 276-277 
Suppressor circuit (spark) (see absorp¬ 
tion circuit) def. 596; 27 


Surface leakage, def. 596 
Surge, def. 596 
Susceptance, def. 596 
Svea, def. 596 
Switch, def. 596 

Switchboard mounting, 432, 488 
Switching, 3 and 4 way, 124-125 
Symbols for elementary diagrams, 109 
Symbols, wiring, 103-120 
Symmetrical latch relay mechanism, 
58-61 

Synchronizer, def. 596 

for independent motor drives, 201- 
204 

Synchronous, commutator, 198-201 
motor timers, 65 
control panel, illus. 484 

Tachometer, def. 596; 38 
Tangent, def. 625 
Tapping, drill sizes for, 614 
Telemeter circuit, 276 
Temperature coefficient, negative, 278 
Temperature control circuit, 170-177 
Temperature conversion scale, 615, 616 
Temperature rise, 34, 536-539 
Temperature testing—high and low, 532 
Template, def. 596 
Tensile strength of plastics, 460-463 
Tension spring, def. 597; 425-429 
Terminal, def. 597; 432-434 
Terminal soldering lugs, 432-434 
Terms, 563-602 
Testing, 519 
equipment, 519-522 
commercial, 519-522 
military, 523-539 
vibration, 529; illus. 523 

Tests, production panel, illus. 520, 521 
acceleration, 531 
hermetic sealed, 525-527 
Mass Spectrometer, 524 
special, 525-539 
vibration, 523-529 

Thermal, capacity, def. 597 
element, symbol 103 
inertia (see inertia), def. 597 
overload trip, 270-271 
timer, def. 597 

Thermal, conductivity of plastics, 
448-451 

expansion of plastics, 448-451 
properties of plastics, 448-451 
Thermal time delay relays, 363 

Thermal timer, def. 597; 266-267, 363 
chatter eliminator, 71, 77, 162-165 
extending, 266-267 
extending and limiting, 269-270 
hot wire, 262-264 
limiting, 267-268 

operation immediate recycling, 115- 
120, 264-265 

overload, inverse time, 270-271 
Thermionic emission, def. 597; 496 
Thermister, 280 
use of, 278-281 
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Thermocouple, def. 597 
Thermoregulator, def. 597 
Three and four way switching combi¬ 
nation, 124-125 

Three phase motor currents table, 633 
Three phase rectifiers, 491-492 
Three phase throttling circuit, 170, 175 
Three wire, def. 597 
instruments, 40-42 
Throttling, def. 597 
circuits, 170-177 
Thyratron, def. 598 
circuit, 533 

Time conversion tables, 34 
Time delay relays, industrial control, 
illus. 323, 324, 362-366 

Timer, 

chatter, eliminator, 76, 162-165 
code 99 

condenser, def. 599; 258-261 
contacts, 72 
controlling means, 71 
cycles, 73, 247, 252, 256 
dashpot, 69, 70, 74 
details, 100 
dual purpose, 252 
error, 75 

escapement, 69, 70, 74 
extending, 266-267 
extending and limiting, 269-270 
flywheel, 246 

inertia (weighted) 68, 74, 211, 212, 
235, 254-255 
limiting, 267-268 
motor drive, recycling, 252 
motor drive, round and round, 164- 
165, 211, 218, 241, 242, 247-252, 
275 

negative coefficient of resistance, 
278-281 

normal position, 77 
operating means table, 100 
principles, 65-77 
rectifier, 493 
ring slug, 100, 66, 67 
thermal, 74, 114-120, 265-271 
contact symbol 106 
heater symbol 103 
hot wire, 262-264 

Tin-lead alloy wire, current to fuse, 
611-612 

Toroid, def. 599 
Torque, def. 599 
Torque of d-c motors, 231 
Torque modifying circuits, 231-234 
Traffic controller, illus. 484 
Transformer, def. 599 
current, symbol 103 
matching coil to, 52 
Transistors, 500-501 
Transmitter, pulse, 274-275 
Trickle charging, def. 600; 494 
Trigonometric functions, 625-627 
Triode, 498 
Trip coil, 152-153 
Trip-free, def. 600 
circuit, 239-240 


Tripping, 244 
circuit, 144-147 
Trouble shooting, 540-547 
Tungsten, def. 600 
contacts, 441 
Two wire, def. 600 


Ultra sensitive circuit, 146 
Ultra sensitive tripping circuit, 146 
Under voltage, def. 600 
Under voltage, coil, 33-34 
Underwriters’ Laboratories, Inc., 560 
classification locations, 474-475 
compliance, 169 
listing by, 560 

permissible temperature rise, 536 
rating of contacts, 47 
spacings, 561-562 
Unfiltered, def. 600 
Universal, def. 600 
Universal, latch relay, 150-152 
Universal relay, 150-152 
Urea formaldehyde compound, 444-469 
Use of negative temperature coefficient, 
ex. 278-280 

Usual position, def. 600 


Vacuum switch relays, 347 
Vacuum tube, symbol 105 
circuits, 145-146 
principles, 495-500 
Vaporization due to arcing, 544 
Variac, def. 601; 521 
Various basic timing cycles obtained 
from round and round timer 
combinations, 247-253 
Vibration, relay, 306 
Vibration, machine, 523 

resistant lock-up circuit, 159-161 
testing, 529-530 

Vinyl chloride acetate resins, 444-469 
Voice circuit relays, 347 
Volt, def. 601 
Voltage, def. 601 

doubling rectifier, 491 
rating, 39 

resistance, watts, current chart, 634 
selector circuit, 180 
sensitive relay circuit, 280-281 
Voltmeter, def. 601; symbol 104; 519- 
520 

Volume resistivity of plastics, 452-455 
Vulcanized fibre, 444-469 


W, def. 601 

Warping of bases, 514 

Washer head screw, def. 601; 432 

Water absorption of plastics, 464-469 

Watt, def. 601 

polyphase tables, 171, 173, 174, 633 
single phase throttling, 176 
Wattmeter, symbol 104; 519, 522 
Watts, current, voltage, resistance 
chart, 636 


653 


Weatherproof covers, 474-475 
Weight of wire, per thousand feet, 610, 
611 

per cubic inch of coils, 606, 607, 608 
Welding contacts, 46 
Wheatstone Bridge, def. 601; 519 
Whirligig, def. 601 
Winding, def. 601 
coil data, 605-610 
volume table, 607 
Window, 

coil, def. 601 
core, def. 601 
Wipe of contacts, 544 
Wire fusing currents, 611-612 


Wire tables, 608-610 

Wiring symbols for circuit elements, 
103-105 

Wiring and mounting, relay, 482-488 
relay panel, 482-488 
symbols, 103-109 
terminal, symbol 103 

Wye, def. 602 
delta, 170-173 

X, Xc, XI, def. 602; 502-505 

Y, def. 602 

Z, def. 602; 415-416 

Zinc, electrode potential (table), 606 



